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ABSTRACT
Sixteen lactating Holstein cows were assigned to four rations 
in four 4 x 4  Latin squares in a one hundred and twenty day experiment. 
Ration I (control) consisted of alfalfa hay, corn silage, and concen­
trate all fed separately. Rations II, 111, and IV were mixed and fed 
as complete rations as follows: II--corn silage and concentrate;
III--corn silage, Coastal bermudagrass pellets (60:40 basis) and con­
centrates; IV--corn silage and concentrates with native grass hay fed 
long. All rations were computed to be isocaloric and isonitrogenous 
with the concentrate calculated to supply 60% of the digestible 
energy (DE) and roughage 40% of the DE. Crude fiber levels were cal­
culated to be at least 13% crude fiber. Actual values obtained for 
crude protein (%), crude fiber (%), and DE (Mcal/kg) were: Ration I--
16.9, 13.3, and 2.75; Ration II--15.6, 17.2, and 2.64; Ration III--
15.5, 16.9, and 2.35; and Ration IV--16.6, 15.0 and 2.73.
Mean daily production of milk (kg), FCM (kg), SCM (kg), and
percentages of milk fat, SNF, milk protein, and lactose were: Ration
I--22.2, 20.9, 20.7, 3.65, 8.6', 3.40, and 4.73; Ration II--20.6, 19.7,
19.5, 3.75, 8.62. 3.42, and 4.', 3; Ration III--21.8, 20.2, 20.3, 3.57, 
8.77, 3.54, and 4.75; and Ration IV--21.7, 20.1, 20.0, 3.56, 8.64,
3.45, and 4.72, respectively. Significant differences were obtained
for milk production (P^.10); milk fat percent, (P<.01); SNF percent
(P<.05); and milk protein percent (P<.10).
x
Average daily means for dry matter (DM-) consumption (kg) , gross 
energy (GE) intake (Meal), digestible energy (DE) intake (Meal), per­
cent digestibility of DE, and gross efficiency (kg SCM/DE (Meal) were 
as follows: Ration I--19.5, 81.8, 53.6, 65.3, and .411; Ration I1--
17.6, 75.1, 46.5 62.2. and .450; Ration III--20.1, 84.0, 47.3, 56.6,
and .478; and Ration IV--19.2, 82.1, 52.8, 64.4, and .404, respec­
tively. Significant differences were obtained for DM intake (P<.01),
GE intake (P<.05) , DE intake (P<.10), DE (?<>) (P<.05) , and gross effi­
ciency (P<.05).
Body weight changes associated with rations were not significant 
and were less than .4 kg/day and positive.
Ration means for molar percentages of rumen acetic, propionic, 
and butyric acid were: Ration I--72.3, 17.0, and 10.7; Ration II--
73.2, 16.3, 10.5; Ration III--71.2, 18.8, 10.0; and Ration IV--72.3,
17.8, and 9.9, respectively. Propionic acid was the only rumen vola­
tile fatty acid to vary significantly (P<.01) with rations. Differ­
ences between weeks were found to be significant (P<.05) only for 
butyric acid.
Average values for hemoglobin (gm/100 ml), oxyhemoglobin 
0;m/100 ml), hemoglobin/oxyhemoglobin ratio, blood serum glucose 
(mg/100 ml) and total serum protein (rag/ml) were: Ration I--11.37,
11.02, 1.07, 69.5, and 8.06; Ration II--11.23, 11.11, 1.03, 64.5, and 
8.14; Ration III--11.06, 10.78, 1.05, 67.3, and 8.02; and Ration IV--
11.21, 11.24, 1.03, 67.8, and 8.22, respectively. Treatment means did
xi
not differ significantly, however, week means lor all blood components 
were found to be significantly different (P<0.5) or (P<.01), respec­
tively for weeks three and four.
It was concluded that corn silage based complete rations were 
satisfactory for high producing dairy cows and that Coastal bermuda- 
grass and/or native grass hay, at the levels used in this study, could 
efficiently replace part of the corn silage. It was further concluded 
that serum glucose values may be closely related to productive re­
sponses in high producing dairy cows.
xii
INTRODUCTION
The role of the ruminant in its ability to utilize roughages 
for the bulk of its nutrient requirements was established nearly one 
hundred years ago. This fact is of a greater importance today than 
ever before due to the increased demands for cereal grains and protein 
from high quality oil meals to be shuttled directly into man's food 
supply. Heretofore, man has not been too concerned with the overall 
efficiency of certain classes of livestock because of the abundance 
of these products available through the agricultural supplies produced 
by the American farmer. Due to the shortage and subsequent high prices 
for cereal grains and plant protein concentrates along with rising 
costs and the unavailability of skilled labor, the American dairy 
former has been forced to seek substitute feed sources and different 
methods of feeding in order to continue producing milk for the American 
consumers.
Research to date has indicated that the genetic potential of our 
dairy cattle has reached a level whereby more concentrated forms of 
feed must be fed in order to realize the production potential of these 
animals. Along with the trend of feeding higher levels of concentrates, 
certain problems such as lowered milk fat percent and alterations in 
solids-not-fat and milk protein have occurred. Likewise in the absence 
of adequate labor, management has turned to the blending of ration 
components into "complete" or "all-in-one" rations to reduce labor
1
2requirements. However, research to date has not been adequate from 
the standpoint of over-all efficiency to determine the proper ratio 
to mix the roughage and concentrate portions in order to establish an 
optimal "complete" or "all-in-one" ration for high producing dairy 
cattle. Tn many studies adequate data relative to changes taking 
place in the rumen and blood stream have not been available to allow 
the researcher to know just what was taking place within the rumen in 
order to answer basic questions of what caused certain rations to 
perform in a certain manner. Probably the most important piece of 
information that is needed is that dealing with the relative overall 
efficiency of energy utilization of rations, especially those con­
taining 40 percent or more of roughage. These data become of greater 
importance when more than one roughage source is used in a ration.
The complex nature of the digestive system of the ruminant and 
the variability of their food supply have caused researchers involved 
in ruminant nutrition to be unsure as to what is the most adequate 
length of time that a new ration must be fed before collecting physiol­
ogical data and attribute the response to the ration being fed. The 
rumen environment is a very complex system and involves many different 
types of bacteria, protozoa, and other microbes, all of which have 
their own optimal environment under which to grow and operate. When 
rations are changed abruptly certain species may die off and other 
species that are able to operate in the new environment must be estab­
lished before the host animal can be expected to perform normally 
according to the conditions dictated by the new ration. The phenom­
ena of cows going off feed or a rapid drop in milk production,
Jdigestive upsets or some related physiological disturbances are often 
encountered when high-producing dairy cattle are abruptly changed from 
one ration to another. Data relating to the adequate length of a 
change-over period would be most desirable to researchers so that feed­
ing trials could be designed and conducted in the shortest possible 
period of time, and yet adequately evaluate rations for their ability 
to promote high levels of milk production.
The research reported herein is the result of an attempt to 
formulate all-in-one rations whereby 40 percent of the energy was 
derived from the roughage portion and 60 percent from the concentrate 
portion of the ration. Also, the effect of substituting other native 
roughage sources for corn silage was evaluated. Certain physiological 
data relating to productive and metabolic activities and gross effi­
ciency of energy utilization are reported. Finally the effect of 
shortening the change-over-period on basic physiological responses 
is discussed.
REVIEW OF LITERATURE
Since man first discovered, in 1884 that ruminants could 
utilize the short chain volatile fatty acids (VFA's) for energy, he 
Las become most intrigued by the reactions within the rumen of the 
cow (47). Even though today much is known about the various pro­
cesses that take place in the rumen often results are obtained that 
many times cannot be explained. In an attempt to produce milk more 
efficiently new concepts in feeding have been explored by researchers. 
These have included the feeding of high levels of concentrate, changing 
the physical form of the ration by grinding, pelleting, and even the 
blending of all the ration components into a complete ration. It 
is thought by some that a blended ration containing all the nutrients 
available necessary for maintenance, reproduction, and production and 
having it available to the cow throughout the day to prevent a pro­
longed lag in production due to a lack of nutrients in the blood might 
be more practical and efficient than a conventional ration. Also, by 
blending of ration components ihe dairyman could easily control intake 
in order to prevent drastic changes in milk composition and produce 
milk in the most efficient manner. The importance of energy to the 
dairy cow is pointed out in a review by Blaxter (11). He stated:
It is obvious that in the feeding of the individual animal 
a primary consideration must be the adequacy of the energy 
supply. Shortages of dietary energy are usually far more 
important causes of low productivity in farm livestock than 
are dietary deficiencies of vitamins, minerals or amino acids.
4
5The Importance of all nutrients must be recognized and adequacy for all 
essential nutrients must be met to provide opportunity for maximum 
production. Forbes (28) summarized it best in 1933 when he stated that 
"An individual foodstuff expresses its normal and most characteristic 
value--only as it is a part of a ration which is qualitatively complete 
and quantitatively sufficient for the conditions existing."
Effect of Ration on Rumen Volatile Fatty Acids 
(VFA's) and on Milk Composition
Even though the fact that rumen VFA's were known to be able to 
supply energy to the cow it was not known definitely until Popjak 
et al. (47) in 1951, using mammary tissue slices showed that VFA's 
were incorporated into components of milk. They found that rumen 
acetic acid was the primary precursor of milk fat but some rumen 
acetic acid was found in the lactose and solids-not-fat (SNF) 
fractions. Powell (48) in 1939 was the first to demonstrate the 
relationship between the level of roughage intake and the composition 
of milk. He reported that a lew level of roughage in the diet caused 
a decrease in milk fat percentage. He further stated that the physical 
form of the roughage portion oi the ration and the composition of 
the concentrate may influence milk composition. Then later in the 
1950's several English workers (2, 6, 8, 10) demonstrated that rumen 
VFA's were most important not only as a source of energy but that 
their ratios in the rumen apparently had some type of regulating effect 
on how these VFA's were utilized by the cow. Armstrong et al.
(4, 5) in a classic calorimetric study demonstrated that acetic acid 
had a much higher heat increment than propionic and butyric acids and
6further demonstrated that in a mixture of acetic, propionic, and 
butyric acids varying from 25 percent acetic up to 90 percent acetic, 
the heat increment was only slightly higher than that of propionic 
acid. Soon afterwards, American workers (24) in 1959 reported special 
diets for the production of low fat milk and more efficient gains 
in body weight. Ensor et al. (24) showed that finely grinding, 
chopping, and/or pelleting the roughage portion of the ration, and 
pelleting and/or heat treating the concentrate portion of the ration 
had a drastic effect on milk fat test as well as on the ratios of rumen 
volatile fatty acids. They reported that milk fat test could be 
lowered by 53 percent in 18 days by feeding ground and pelleted hay 
and steam heated corn. They further found that acetic acid was lowered 
from 70.5 to 53.9°/, and propionic acid increased from 19.5 to 31.17,.
Storry and Rook (59), reporting on the effects of diets low in 
hay and high in flaked maize found that milk fat test did not change 
drastically in all cows when they were abruptly changed from one diet 
to another. They found that once milk fat percentages were lowered and 
tie cows returned to their orij inal diet that it often took two to 
tlree weeks for them to return to their original levels. In addition, 
clanges in milk fat percent clcsely followed changes in blood levels 
oi VFA's and blood glucose values were considerably elevated on rations 
high in flaked maize.
These studies as well as others (19, 23, 31) have established 
that there is a good correlation between ruminal VFA's and milk fat 
percent. Also it has been established that those diets which produce
7a ratio of acetic acid below 607, are more elficient lor weight gains 
and fattening than for milk production (56).
Effect of Crude Fiber on Rumen VFA1s
In addition to the physical form of the ration and ratio of 
roughage to concentrate, apparently the level of crude fiber in the 
diet has some relationship with the ratios of VFA's produced in the 
rumen. Elliot and Loosli (23) reported that molar proportions of 
rumen acetic and propionic acids were found to be closely related to 
the. average crude fiber content of the ration. They found that as 
cr ide fiber in the ration increased the molar ratio of acetic acid 
increased and propionic acid decreased. They also stated that the 
efficiency of the ration was closely related to the crude fiber levels 
and that as crude fiber increased efficiency increased. Gordon 
et al. (33) in a later study of fiber and energy levels found rumen 
acetic acid not to be affected by level of energy, but increased 
linearly with crude liber. Rumen propionic acid showed little change 
wiih crude fiber and butyric acid decreased with increasing levels of 
crude fiber, and gross efficiency was not affected by either level of 
crude fiber or energy.
Van Soest (62) in a review concluded that efficiency of milk 
production does not follow a linear function with hay-grain ratios but 
exhibits a maximum at some point, probably near the hay-grain ratio 
where milk fat begins to be depressed. Coppock et al. (18) and Flatt 
(27) studied the effect of hay to grain ratios on the utilization of 
metabolizable energy and found that there was little difference in
elficiency nf rations containing 40 to 80 percent concentrates. They 
observed that digestibility decreased as intake increased but was 
compensated somewhat by decreases in urinary and methane losses.
Coppock et al. (19) obtained simple correlations of -0.73, -0.43,
+0.67, and -0.60 between lactation efficiency and rumen acetic acid, 
propionic acid, butyric acid and acetic/propionic acid ratio; 
respectively.
Energy Method of Evaluating Rat ions
In recent years researcht rs have been encouraged to report 
feeding data in caloric measure.1 rather than the total digestible 
nutrient system (TDN) that has teen used many years primarily in the 
U.S. (34). The energy method of accounting for nutrients is broken 
down into four categories as follows: Gross energy (GE), digestible
energy (DE) , metabolized energy (ME) and net energy (NE). Net energy 
has been further partitioned and defined according to its use, whether 
it be for maintenance1, growth or production.
Gross energy Ls defined as the potential energy of a feedstuff 
as determined in an oxygen bomb calorimeter. This value once obtained 
for a ration may be multiplied by the total dry matter consumed to 
yield in calories the gross energy intake for a particular animal. 
Digestible energy is that amount of GE that is not excreted in feces.
It is obtained by determining the amount of feces excreted, its energy 
content, and then subtracting from GE intake. Digestible energy is 
most frequently calculated from data where total feces is collected; 
however, it may be estimated by using some indicator method to estimate
9fecal output. Metabolizable energy is more complex and includes 
losses due to energy in feces, urine, and gaseous compounds. Facil­
ities for ME as well as NE are not generally available for most 
researchers and therefore they are limited to DE studies. Net energy 
is that portion of energy available for milk production, growth and 
work after taking into account the losses of energy in feces, urine, 
gases, and heat increment.
Factors Affecting Efficiency of Energy Utilization
Flatt (27) and other workers (12, 22, 44, 45) have shown that 
as feed intake increases apparent digestibility decreases. However, 
Flatt (27) further stated that there was a concurrent decrease in 
energy losses in urine and methane to offset the decrease in digesti­
bility at high levels of intake. Baumguardt (9) reported that if a 
digestibility trial was conducted with the same animals and at the same 
level of intake then a depression in digestibility due to high levels 
of intake would not result in a lower gross efficiency.
The level of crude fiber, the hay:grain ratio, and ratios of 
rumen VFA's all affect the efficiency of energy utilization. These 
factors have been discussed previously in this review. To summarize, 
anything that may cause a modification of the use of energy for milk 
production by the dairy cow is going to effect the utilization of ener­
gy for milk production, whether it be increased fecal, urinary, gaseous 
losses or changes in metabolic processes that may cause the cow to 
secrete milk of lower fat content, or to gain excessive amounts of body 
weight at the expense of milk production.
10
Complete Feed Studies
The role of "complete feeds" or "all-in-one" rations in dairy 
cattle feeding has been reviewed recently by Rakes (52) and Waters 
(65). Rakes (52) observed that complete feeds had become notorious 
for their adverse effects on milk fat test which was partially due to 
the high proportion of concentrates to roughage resulting in a lower 
crude fiber intake, but was apparently not the only contributing 
factor. These results have been observed by other workers (21, 31,
43, 50, 63). Villavincencio et al. (63) reported milk fat depression 
on diets containing chopped and ground hay as well as cottonseed hulls 
with crude fiber levels ranging from 11.32 to 12.76%,. Drude et al. 
(21) fed four complete rations ranging in crude fiber from 10.66 to 
14.30% and observed that fat test was depressed significantly on 
rations containing pelleted alfalfa compared to rations based on corn 
silage. Mean milk fat percentages observed for Rations I to IV were 
3.35, 3.46, 2.74 and 2.80%, respectively. Rations I and II contained 
corn silage whereas rations III and IV contained alfalfa pellets and 
either citrus pulp or cottonseed hulls. McCoy et al. (43) reported 
only slight depressions in milk fat when cows were fed complete 
rations of chopped hay and cottonseed hulls but did observe a fat 
depression when corn cobs were used. The rations were formulated 
on a 70:30 ratio of concentrate to roughage.
Fosgate et al. (29) reporting on corn silage-based complete 
rations found that cottonseed hulls and Coastal bermudagrass pellets 
formulated on a 60:40 concentrate to roughage ratio performed equally
11
as well as a complete ration of corn silage and concentrates fed on 
a 70:30 concentrate to roughage basis. Milk fat percent for the four 
rations were 3.4. 3.6, 3.7 and 3.77c, respectively, for Rations II, III, 
and IV. Rations II, III, and IV were complete rations and Ration I was 
ad lib. corn silage and concentrate.
Escano (26) using grain sorghum silage for his roughage sources 
formulated complete rations of (I) 60, (II) 65, and (III) 70 Meal of 
ENE per 45.4 kg of rations. He found that as the energy level in­
creased, milk production increased linearly. He observed further 
that the ration with the lowest crude fiber yielded the highest milk 
fat percentage. Crude fiber for the three rations were (I) 20.30,
(II) 17.10, and (III) 13.867. and the milk fat percentages were 3.48, 
3.37 and 3.557,, respectively.
Gonzales et al. (32) feeding polyethylene ruff rabs with 
various levels of hay in a complete feed found a significant differ­
ence in milk production. The levels of hay were 0, 107,, and 207, and 
pt lyethylene was 0, and 1.8 kg initially, plus 17, of grain ration 
drily. There were no significant effects of polyethylene on rumen 
VIA's or milk fat percent.
Mertens et al. (44) found that fat test depression could be 
prevented by adding paper to the ration without significant effects 
on 47, fat-corrected milk (FCM) yield. FCM and milk fat percent were
15.9, 2.6, 16.9, 3.1, and 16.3 kg and 3.47,, respectively for 207 
cottonseed hulls 107, paper plus 107, cottonseed hulls, and 207, paper 
complete ration. Rumen VFA's were not affected significantly.
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It appears from the literature reviewed that there is consider­
able variability in results obtained with "complete rations." However, 
it does appear that more consistent results, at least with milk fat 
percent and FCM production, have been obtained when corn silage has 
been used as the source of roughage in complete rations.
Ration Effects on Blood Composition
Glucose
There are little data relating to the effect of rations on blood 
serum glucose. Generally most reports (35, 37, 40, 60) have shown 
small differences in blood serum glucose value due to ration effects. 
Rook and Line (53) reported a small change in blood serum glucose after 
eight hours for cows fed a ration containing flaked maize and long hay. 
They reported serum glucose values of 73.4, 72.7 and 65 mg 7=, for high, 
medium and low energy rations, respectively. Hassan (35) reported 
blood serum glucose values of 76.75 and 82.84 mg/100 ml for lactating 
cows consuming rations of 14.3 and 20.87, crude protein under heat 
stress. Also, the high protein ration contained a molasses based 
liquid protein supplement.
Trenkle (60) working with sheep found that serum glucose values 
did not vary significantly when sheep were fed rations containing 
100, 70, and 307» hay, respectively. He did report that plasma
insulin was significantly related to rumen propionic and butyric acids 
and that the ration fed had a significant effect on the rumen VFA's. 
Rumen VFA's in his study ranged from 55.6-68.67, for acetic; 23.4-18.67,
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for propionic; and 17.9-9.9% for butyric acid for sheep on the 100% 
hay and 30% hay ration respectively.
Jenney et al. (38) more recently have found lactating dairy cows 
consuming rations of 65:35 and 15:85 roughage to concentrate ratios 
had significantly (P<.01) higher serum glucose, insulin, and rumen 
propionic acid values on the low roughage ration. They reported the 
following correlation for serum glucose: rumen acetic acid, r =
-.84; rumen propionic acid, r = .63; percent milk fat, r = -.77; and 
insulin, r = .74. In addition, they showed significant (P<.01) 
differences in the slopes of the regression lines between rations for 
days (Y) and (X) percent milk fat, rumen acetic, rumen propionic and 
rumen butyric acid, glucose, and insulin. The slopes on the high 
roughage ration were more nearly horizontal, whereas the slopes for 
the high grain ration showed a definite upward trend. Mean ending 
levels of milk fat percent, serum glucose, and insulin were as follows 
for the high and low roughage rations: 65%,--3.6, 76.6, and 18.2; and
157o--2.7, 88.1, and 30.7 respectively.
Hemoglobin, Oxyhemoglobin, and Total Serum Protein
Hassan (35) reported th.it rations affected significantly 
hemoglobin values but did not affect oxyhemoglobin values. He reported 
hemoglobin values of 10.70 and 11.27 g/100 ml and oxyhemoglobin values 
of 10.73 and 11.13 g/100 ml respectively. In addition, he reported 
significant negative correlations between hemoglobin and oxyhemoglobin 
with respiration rates and rectal temperature. A significant positive 
correlation of .51 and .35 was obtained for the ratio of hemoglobin/- 
oxyhemoglobin and respiration rate and rectal temperature. Blood
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serum glucose was found to be negatively associated with respiration 
rates and rectal temperature and was not found to be associated with 
ration effects.
Hassan (35) further reported that there were apparently no 
significant effects of ration protein on levels of total serum pro­
tein. Roussel et al. (55) reported significant correlations in 
changes of total serum protein with milk fat percent, lactose per­
cent, and monthly 4 percent FCM. These correlations were all low, 
less than 0.20, indicating a low degree of association between these 
variables.
Generally, changes in hemoglobin, oxyhemoglobin, blood serum 
glucose and total serum protein are used as indicators for stress.
Most data reviewed showed that stress caused a lowering of hemoglobin, 
oxyhemoglobin, and blood serum glucose (35, 40). Serum protein 
values were not influenced by stress or ration.
METHODS AND PROCEDURES
Statement of the Problem
High producing dairy cows (those producing 7,200 kg or more in 
a 305 day lactation) are causing nutritionists to look for new ways 
to increase energy intake without seriously affecting milk composition 
and over-all efficiency. Availability of skilled labor likewise has 
caused managers of dairy farms to look for new methods of feeding in 
order to maximize labor efficiency. Blended rations or complete feeds 
have interested both the nutritionist and farm manager because of: (a) 
their labor saving potential, (b) as a method of supplying nutrients to 
the high producing dairy cow on a continuous basis, (c) milk fat test 
problems associated with high grain feeding, and (d) as a method of 
utilizing surplus sources of low cost, low quality roughages in dairy 
rations as well as other reasons (50).
The objectives of this investigation were: (a) to determine the
relationship between rumen VFA's and certain other physiological and 
productive responses of cows fed complete rations containing corn 
silage and other ha> sources and compare these results with a conven­
tional ration, (b) To determine the effect of a shortened change-over 
period (three weeks vs four weeks) for its adequacy in change-over type 
trials to accurately measure basic physiological responses related 
directly to reactions produced by rumen microorganisms. A secondary 
objective was to obtain data relative to changes in several blood
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components of which little data are available and determine their 
relationahip to the physiological and productive responses.
Experimental Design
Sixteen lactating Holstein cows were assigned randomly to treat 
ments in four 4 x 4  Latin squares based on level of production and 
feeding regime. Week effects were partitioned separately in the 
statistical analysis when data were collected for more than one week 
in a period. Each period consisted of four weeks with no data being 
collected the first week. Observations were obtained on milk yield,
47 fat corrected milk (FCM), solid corrected milk (SCM) , the percent­
ages of milk fat, solids-not-fat (SNF), milk protein, and lactose; 
body weight change, feed consumption, ration composition, ration 
digestibility, feed efficiency, rumen acetic acid, rumen propionic 
acid, rumen butyric acid, total blood protein, hemoglobin, oxyhemo- 
blobin, and blood serum glucose.
Experimental Animals
Sixteen high-producing Holsteins from the L.S.U. Dairy Herd 
ranging from three to nine years of age were selected for this study. 
The animals had been in milk from 43 to 110 days when placed on the 
experiment. Projected 2X-305-day mature equivalent production values 
were used to assign animals to one of the four squares according to 
production. The assignment of cows within squares, the assignment 
of treatments and randomization of rows, columns and treatments were 
conducted according to procedures described by Cockran and Cox (15).
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The treatment and cow assignment within squares is shown in Table 1. 
There were actually five feeding periods. Starting dates were stag­
gered because of limited availability of cows. Calving dates, age, 
and projected 2X-305-day ME production for all cows used are shown in 
Table 2.
Experimental Rations
Four rations, all calculated to be isocaloric and isonitrc- 
genous, and calculated to provide 60%, of the DE from concentrates and 
40% of the DE from roughages were used in this study. Ration I 
(control) consisted of alfalfa hay, corn silage, and concentrate all 
fed as separate components as in conventional dairy operations. The 
two roughage components were fed as 65% corn silage and 35% alfalfa 
hay. The three complete rations were mixed and fed as complete 
rations with concentrate supplying approximately 60% of the digesti­
ble energy and the roughage 407. All rations were formulated to 
contain 16-17% crude protein, 14-15% crude fiber and 3.25 to 3.50 
Mcal/kg of DE. Crude fiber was set tt this level in order to attain 
the desired levels of energy per kg of ration. Furthermore, these 
levels of fiber have been found to bt adequate in maintaining an 
acceptable milk fat percentage (59). Table 3 shows the ingredients 
used to make up the four rations and Table 4 gives the results of 
the analysis of each ration component.
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Table 1
Assignment of Animals and Treatments to Periods
Cow Period
Square Row No. 1 2 3 4
1 1 566 lit/ III-/ i*/ IV— /
2 768 IV II III I
3 779 III I IV II
4 729 I IV II III
2 1 562 II III IV I
2 643 III IV I II
3 723 IV I II III
4 772 I II III IV
3 1 641 II IV III I
2 657 I III IV II
3 726 III I II IV
4 800 IV 11 I III
4 1 605 I II III IV
2 642 III I IV II
3 656 IV III II I
4 757 II IV I III
5./ I - Ration I Control - Concentrate, 
hay fed separately.
corn silage, and alfalfa
b/ II - Ration II 
rat ion.
- Concentrates and corn silage fed as a comple
£/ III - Ration III - Concentrates, corn silage and Coastal ber- 
mudagrass pellets fed as a complete ration.
— / IV - Ration IV - Concentrates and corn silage fed as a complete 
ration plus native grass hay fed separately.
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Table 2
Age, Stage of Lactation, and Projected Milk Production of 
the Experimental Animals^/
Square
No.
Herd
No.
Date of 
Birth
Days
Milkfe/
2X-305-M.E. 
Projected Milk 
Product ion(kg)
1 566 10-1-59 99 7,077
729 3-31-64 98 6,895
768 12-23-64 104 7,151
779 2-14-65 107 5,411
2 562 11-26-59 67 8,714
643 3-14-62 56 8,970
723 12-24-63 71 7,742
772 1-10-65 69 7,610
3 641 2-13-62 46 7,608
657 6-30-62 54 7,412
726 12-30-63 93 6,880
800 10-4-65 43 7,428
4 605 1-2-61 40 6,161
642 2-24-62 81 6,830
656 6-22-62 40 6,746
757 11-16-64 65 5,100
— ^Projected 2X-305 
tion of period 1 for each
M.E. Production 
square.
made 1 week prior to initia-
— ^Numbe r of days in milk at the beginning of Period 1.
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Table 3
Ingredients and Percentage Composition of Experimental 
Rations on a Dry Matter Basis
Rations^/
Ration Ingredient I II III IV
Ground Yellow Corn (U.S. No. 2) 43.2 38.8
(7.)- - - - -
41.6 39.0
Soybean Oil Meal (44%) 9.8 10.8 9.3 14.0
Steamed Bone Meal 1.2 1.1 1.1 1.2
Granulated Salt .6 .6 .6 .6
Total Concentrate 54.8 51.3 52.6 54.8
Corn Silage with 0.67, 
added Urea
26.0 48.7 27.7 26.0
Alfalfa Hay 19.2
Coastal Bermudagrass Pellets 19.7
Native Grass Hay— ^ 19.2
Total 100 100 100 100
— ^Each ration contained 2500 ].U. of vitamin A and 1250 I.U. of 
vitamin D per kg. dry matter.
b/
Ration IV.
Native grass hay was fed as long hay separate from complete
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Table 4
Chemical Composition and Digestible Energy Content of the 
Experimental Rations and Ration Ingredients— ^
Crude Protein Crude Fiber DE2 7
C SJ A C A C A
■(7.)----- ------ -- (Meal/kg)----
Rat ion
1 16 .9 16.9 13.9 13.3 3.37 2.75
II 16.1 15.6 13.5 17.2 3.45 2.64
III 16.4 15.5 14.0 16.9 3.31 2.35
IV 17.0 16.6 13.9 15.0 3.26 2.75
Individual Ingredients— ^
Ground Corn 10.0 10.0 2.2 2.5 4.012
Soybean Meal 51.5 50.6 6.7 7.1 3.571
Concentrate I 17.4 17.4 2.9 3.4 3.796
Corn Silage 15.6 11.9 24.4 28.4 3.086
Alfalfa Hay 17.1 21. 3 30.9 24. 7 2.557
Coastal Bermudagrass 
Pellets 15.6 28.9 2.333
Grass Hay 8.9 7.4 30.0 32.5 2.156
Silage-Concentrate IV 19.0 17.4 10.1 13.4 3.496
— ^All values expressed on a drv-matter basis.
k^Digestible energy determined using cows from squares 3 and 4 
during week 4 of each period.
£/c = Calculated; A = Actual
flVDigestible energy was not determined on individual ingredients
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Management and Feeding
Cows on Ration I were fed concentrates and silage in a parti­
tioned feed manger with their allotment of alfalfa hay being fed 
approximately one hour later. Rations II, III, and IV were mixed 
twice daily as shown in Table 3 and all rations were fed twice daily 
at 0700 and 1600. Ration IV was fed in a divided manger as was 
Ration I with the native grass hay being fed at the same time as 
th-j complete ration. The three complete rations were fed at a 
le/el so as to obtain approximately a 107., refusal. Orts for all 
rations were weighed and sampled once daily in the AM for all cows 
except for those cows on the digestion trial. Orts for those cows 
were removed and sampled in the AM and PM. Salt and steam bone meal 
was provided separately free choice, in the exercise lot. All cows 
were turned out for exercise and milking twice daily which was for a 
period of about 6-7 hours. The cattle were walked to the milking 
parlor at 0430, and 1530 and were allowed to exercise from about 
05 30 to 0830 and from 1130 and 1500. During these times the barns 
wtre cleaned, fresh supplies of feed mixed and fed, and samples of 
orts and rations obtained. Amounts of each ration fed and refusals 
were recorded at each feeding so as to determine feed intake for 
each cow.
Collection of Data
Milk Production and Composition
Milk production was recorded at the AM and PM in a Dairy Herd 
Improvement Association approved pyrex weighing jar. Individual AM
and PM milk samples were taken on the last two days of each period for 
the percentage milk fat by the Babcock method (3); milk protein percent 
by the Kjeldahl Method (3); solids-not-fat percent by the Mojonnier 
Method (1); lactose percent as described in Standard Methods (1).
The average of duplicate determinations were used for statistical 
analysis. Average daily milk production and the weighted average 
percentages of milk fat, SNF, lactose and protein for each cow was 
used to calculate her average production for each component as well 
as 47 FCM (30) and solids-corrected-milk (SCM) (61) and gross effi­
ciency. Cross efficiency was computed by the formula suggested by 
Brody (13) as follows:
Cross Efficiency _ kg FCM 
FCM kg DE
In this study SCM was used instead of FCM.
Body Weight
All animals were weighed after the AM milking for three consecu­
tive days before the initiation of the study and then on the last three 
days of each period. The average weight at the beginning and end of 
each period was used to determine the weight change for each cow 
during each period. By taking body weights at this time weight dif­
ferences due to fill and amount of milk produced were minimized.
Rumen and Blood Samples
Rumen and blood samples were taken on the last day of weeks 
three and four. Blood was taken from the juglar vein and analyzed 
for serum glucose by the isotoluene glacial acetic acid procedure
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(Harleco Co.), hemoglobin and oxyhemoglobin by the method of Cannan 
(14) and Collier (16), respectively, and total serum protein by the 
Biuret Method (61). Rumen samples were taken via aspiration with a 
vacuum pump. Rumen samples were placed in ice water immediately, then 
transported to the laboratory, filtered through four layers of cheese 
cloth and prepared for VFA analysis according to the method of Erwin, 
et al. (25). Samples were frozen and stored at -5 C until time for 
analysis. At this time they were thawed and 57, formic acid was added 
as suggested by Cottyn and Boucque (20) to prevent tailing or ghosting 
during analysis by Gas Chromatography. Rumen samples were then ana­
lyzed for VFA1s with a Tracor GC-1600 using 60/80 mesh chromosorb 101 
packed in a stainless steel column 105.6 x .275 cm. Calculations 
were made according to the procedure described by Baumgardt (9).
Feed Composition
As mentioned earlier, feed samples and orts were sampled once 
daily at the AM feeding. The samples were weighed and dried at 75 C 
in a forced air oven to determine the dry matter of the ration fed and 
orts so as to determine total dry matter consumption. Feed samples 
were composited weekly and ground in a Wiley Mill for proximate ana­
lysis and energy determination. Proximate analyses were done according 
to procedures described by the Association of Official Agricultural 
Chemists (A.O.A.C.) (3). Energy determinations were made in duplicate 
by burning approximately one gram samples in a Parr adiabatic 
Calorimeter. Cross energy values for each ration were calculated 
and GE intakes determined for each animal.
Digestion Trial
Eight of the sixteen cows (two cows per treatment) were used in 
an attempt to measure apparent digestibility of each ration. Digesti­
bility of eacli ration component was not determined. Beginning four 
days prior to the end of each experimental period, samples of orts 
were taken in the AM and PM in order to obtain more accurate consump­
tion data for the digestion trial. This procedure was continued 
until the digestion trial was completed. Total collection of feces 
was obtained for 48 hours by use of collection bags and harnesses.
The bags were emptied at four hour intervals into sealed garbage cans 
for weighing and sampling. Each cows total fecal output was weighed, 
mixed, and sampled for dry matter and energy determination. These 
samples were then composited after drying for gross energy determina­
tion. Values obtained from the digestion trial were then used to 
calculate the average daily energy excreted, digestibility of dry 
matter (DDM), digestible energy, and efficiency of energy utili­
zation.
The percent digestible energy of each ration was calculated 
as follows:
%de = pf T,n^ a£ e "rMCan  x 100GE Intake (Meal)
Statistical Analysis
Analysis of variance was conducted according to the method of 
Snedecor (58) to test for significance of differences between means 
obtained for the four rations or between weeks. Orthogonal comparisons
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or individual degrees of freedom test were used to partition treatment 
effects in the following manner: Ration I vs II, Iti , and IV; Ration
II vs III, and IV; and Ration III vs IV. Simple correlations were 
determined for all parameters measured.
The design of the experiment was a 4 x A Latin square with a 
split plot arrangement of treatments by weeks within squares for all 
parameters measured weekly. This design allowed the determination of 
time x treatment interactions so as to possibly determine the proper 
length for future studies. The sources of variance were: squares,
columns (periods) within squares, rows (animals) within squares, 
rations, weeks, ration x weeks, squares x weeks and square x ration 
x weeks interactions. With the exception of rations x weeks, non­
significant interactions were pooled with the appropriate error term 
for testing of appropriate mean squares. For variables measured 
during the fourth week only, then the design was just a 4 x 4 Latin 
square.
RESULTS AND DISCUSSION
General Comments
This study utilized four rations, a conventional ration and 
three complete rations, in o.der to determine the effect of ration com­
ponents and method of feeding high producing cows on milk production, 
milk composition, rumen VFA's, certain blood constituents, and effi­
ciency of energy utilization. In addition, effects of weeks within 
periods were determined in order to assess the adequacy of the length 
of the change-over period.
A detailed report concerning the productive and economic aspects 
of this study has been reported by Waters (65) and data relative to 
those responses may be found in his report. For the purpose of this 
study, emphasis was placed on data involving rumen VFA's and efficiency 
of energy utilization as well as certain blood components.
Milk Production and Milk Composition
Milk Production
A summary of the productive responses is shown in Table 5. Av­
erage daily milk production by ration was: Ration I--22.2; Ration II—
20.6; Ration III--21.8; and Ration IV--21.7 kg, respectively. Analysis 
of variance of total milk yield (Appendix Table 1) revealed significant 
(P<.10) differences between treatments. Orthogonal comparisons showed 
that cows consuming the control or conventional ration produced more 
milk than cows consuming Rations II, III, and IV. Furthermore it was
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Table 5
Average Productive Response of Sixteen Holstein Cows 
Receiving Four Experimental Rations
Ration^/ Ration Comparisonsj r ~
Response I II III IV
I vs,
II, III, IV II vs. Ill, IV III vs.IV
Milk and Composition
Total Milk (kg) 22.2 20 .6 21.8 21.7 * ** ' .s.
FCM (kg) 20.9 19.7 20.2 20.1 N.S. N.S. N.S.
SCM (kg) 20.7 19.5 20.3 20.0 N.S. N.S. N.S.
Fat (7) 3.65 3.75 3.57 3.56 ::.s. *** ' .S.
SNF 00 8.64 8.62 8.77 8.64 N.S. N. S. **
Protein (°/;) 3.40 3.42 3.54 3.45 N.S. N.S. *
Lactose (%) 4.73 4.73 4.75 4.72 N.S. N.S. N.S.
Feed Consumption
Dry Matter (kg) 19.5 17.6 20.1 19.2 N.S. *** N.S.
GE (Meal) 81.8 75.1 84.0 82.1 N.S. ** N. S.
DE (Meal) 53.6 46.5 47.3 52.8 * N.S. *
DE CO 65.3 62.2 56.6 64.4 -V* N.S. ***
Gross Efficiency .411 .450 .478 .404 N.S. N.S. **
(kg SCM/DE(Mcal)
(cont inued)
TO
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Table 5 (Continued)
Ration^/ Ration Comparisonsil/
Response I II III IV
I vs
II, III, IV II vs. III. IV III vs. IV
Animal Weight 
Body Weight (kg) 580 590 599 586 N.S. N.S. N.S
Body Weight Change +0.35 +0.29 +0.39 +0.31 N.S. N.S. N.S
^./Treatment I Control - (Alfalfa, hay, corn silage and concentrate feed separately.
Treatment II Complete ration - concentrate and corn silage.
Treatment III Complete ration - concentrate, corn silage, and Coastal benr.udagrass pellets). 
Treatment IV - Complete ration plus grass hay.
* - Significant at P<,10.
** - Significant at P<.05.
*** - Significant at P<,01.
N.S. - Not significant.
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found that the mean daily production of milk on Ration II was signi­
ficantly (P<.05) lower than the mean on Rations III and TV. Table 6 
shows significant negative correlations between milk yield and blood 
serum glucose, r = -.215; and milk yield and rumen butyric acid, r = 
-.189. Also, a significant (P<.01) positive correlation was obtained 
for milk yield and dry matter consumption. The negative correlation 
between blood serum glucose and milk yield are unexplainable unless 
the levels of rumen VFA's were near optimal as suggested by Van 
Soest (623 and actually caused a depression in blood serum glucose 
values and yet provided sufficient energy for high milk production.
The negative correlation may possibly be explained in that rumen 
microbes utilize glucose rapidly and give off rumen VFA's as by­
products. Thus, as blood serum glucose decreased, it indicated that 
rumen microbes were actively converting glucose to VFA's which serve 
as the primary sources of energy for the lactating cow. The nega­
tive correlation between milk yield and rumen butyric acid is normal 
in that butyric acid is considered to be used primarily for fat 
synthesis by the udder (48) . The positive correlation between milk 
yield and dry matter consumption was expected since dry matter con­
sumption determines to a large extent total energy intake.
Fat-Corrected-Milk and Solids-Corrected-Milk
When milk production was adjusted for milk fat percentage and 
placed on a 47o FCM basis or SCM basis the differences between rations 
no loriger existed as shown in Table 5 and Appendix Tables 2 and 3.
Table 6
Correlations Among Certain Responses Obtained from Sixteen Cows Fed Four Rations 
During Four Periods Using Data Obtained During Weeks Three and Four
Response
Serum
Glucose
VFA D M 
C onsumpt ionAcetic (C2) Propionic (C3) Butyric(C4) C2/C3 (c2+c4 )/c3
Total Milk -.215** .028 .081 -.189**
r-O1 -.094 .281***
FCM (kg) - 239*** .031 .046 -.137 -.038 -.054 .223**
Fat (7C) .011 -.015 -.111 .213** .101 .126 .287***
Fat (kg) -.239*** .032 .000 -.080 -.003 -.013 .151
SNF (7=) .220** -.139 .125 .015 -.101 -.092 .028
SNT (kg) -.165 .000 .099 -.017 -.087 -.106 . 291***
Protein (7.) .157 -.081 .110 -.042 -.067 -.068 .040
Protein (kg) -.211** .003 .138 -.254*** -.111 -.139 . 371***
Lactose (7=,) -.029 -.028 .016 .035 -.026 1 O ►—* OO 233***
Lactose (kg) -.211** .020 .082 -.176** -.074 -.094 2 5 3 ***
D M Consumption (kg) -.028 .032 .049 -.147 .009 -.007 1.00
** Significant at PC.05.
*** Significant at PC.01.
32
Mean values observed for FCM and SCM were: Ration 1--20.9, 20.7;
Ration 1 1 — 19.7, 19.5; Ration III —  20.2, 20. i; and Ration IV--20.1, 
and 20.0 kg, respectively. The reason for adjusting to an FCM or SCM 
basis was done in order to place productive responses on some basis 
for comparison on an energy equivalent basis. The primary component 
that helped equalize the energy output on all rations was milk fat 
percent (Table 5). It can be observed in this table that the milk 
fat percentages for cows on Ration 11 was significantly higher than 
the mean for cows consuming rations III and IV, with no significant 
differences being observed between the mean of Ration I and the means 
of Rations II, III, and IV. The percentages of milk fat were 3.65, 
3.75, 3.57, and 3.56 for Rations I through IV, respectively.
A significant negative correlation of -.239 was found for FCM 
and blood serum glucose values as well as a significant positive 
correlation of .223 with DM consumption and FCM. Normally, blood serum 
glucose values are not expected to fluctuate very much but Story and 
Rook (59) and Rook and Line (53) found blood serum glucose levels to 
change with changing energy levels, and primarily associated with 
rations of flaked maize. Shaw et al. (56) clearly showed the effect 
of ground and pelleted hay and flaked corn on ruminal VFA's. They 
reported a 307, reduction in rumen acetic acid and a 607, increase in 
rumen propionic acid as compared to rations containing chopped hay and 
ground corn. The mean values for rumen VFA's and blood serum glucose 
obtained in this study follow closely the findings of the previously 
mentioned workers (53, 59).
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Milk Fat
As previously mentioned, animals on Ration II, (Table 5, and 
Appendix Table 4) produced significantly (P<.01) higher milk fat per­
centage than cows on Rations III and IV. It may be further observed 
from Table 8 that cows on Ration II also had the highest level of 
rumen acetic acid (73.2%) and the lowest level of blood serum glucose 
(64.5 mg%). Even though the mean values for rumen acetic acid and 
blood serum glucose were not significantly different nor were signifi­
cant correlations obtained for milk fat percent, rumen acetic acid, and 
blood serum glucose, there still appears to be some degree of associa­
tion. One possible reason that there was not a significant correlation 
between milk fat percent and rumen acetic acid could be due to the fact 
that all rations used in this study produced a high proportion of 
rumen acetic acid relative to rumen propionic acid, and there was not 
a wide enough range in both milk fat percentages and rumen acetic 
acid values to obtain high correlations. The average milk fat per­
centages obtained for all rations were within the expected normal 
range for Holstein cows and are considerably higher than those pre­
viously reported in other complete feed studies conducted at Louisi­
ana State University (21, 26, 31). The low correlations found in this 
study are in contrast to results repocted by Coppock et al. (19) and 
Girouard (31).
Table 6 shows rumen butyric acid to be significantly correlated 
with milk fat percent. The finding that rumen butyric acid was 
correlated with milk fat has been reported by Hawkins et al. (36)
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and later by Rook et al. (54). They (54) found that when infusing both 
acetic and butyric acids milk fat percent increased whereas; when 
propionic acid was infused, milk fat percent declined. They also 
reported that when acetic acid was infused approximately a .68 kg 
increase in milk production was obtained.
A highly significant (P<.01) correlation of .287 was also ob­
tained for milk fat percent and DM consumption in this study. This 
would be expected since the increased consumption of a ration con­
ducive to high fat tests would be expected to result in an increase 
in milk fat percent
Milk Solids-Not-Fat, Milk Protein, and Lactose
Mean percentage values for SNF, milk protein, and lactose were: 
Ration I— 8.64, 3.40, and 4.73; Ration II--8.62, 3.42, and 4.73;
Ration III--8.77, 3.54, and 4.75; and Ration IV--8.64, 3.45, and 4.72, 
respectively (Table 5). Significant differences (P<.05) were observed 
for SNF, and milk protein (P<.10) when values from cows on Ration III 
were compared with those of cows on Ration IV (Appendix Tables 5 and 
6). There were no significant ration effects on lactose values 
(Appendix Table 7). As shown in Tabl2 6, significant correlations were 
obtained between SNF values and DM consumption, r ■ .291; milk protein 
yield and EM consumption, r ■ .371; lactose percent and DM consumption, 
r * .251. The positive correlations between DM consumption and the 
yield traits were expected as explained previously. The significant 
(P<.05) negative correlations of blood serum glucose with milk protein, 
and lactose yield may be explained on the basis that as the propionic
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acid level within the rumen increases the blood serum glucose levels 
decline due to the stimulation of insulin production by rumen propionic 
acid. Trenkle (60) reported that propionic and butyric acids signifi­
cantly affected insulin levels. Increased insulin production would 
then have a depressing effect on blood serum glucose due to the in­
creased synthesis of glycogen by the liver. In addition insulin has 
been noted to increase protein synthesis and may account for the 
higher (P<. 10) milk protein values obtained for cows on Ration III 
as compared to those on Ration IV. Further, it may be noted (Table 
5) that a higher (P<.05) SNF value was observed for cows on Rations 
III and IV as compared to Ration II. The higher SNF and milk pro­
tein values may have been from the direct or indirect effect of the 
higher (P<.01) levels of rumen propionic acid for cows on Rations 
III and IV. Rook et al. (53) found that higher levels of rumen 
propionic acid increased the protein and SNF levels in milk. The 
changes in SNF percent in this study may be attributed primarily to 
increased milk protein since only small changes were observed for 
lactose (Table 5). The findings with respect to lactose are consis­
tent with the findings of Rook and Line (53) in that rations did not 
affect the lactose content of milk.
Feed Intake, Energy and Energy Utilization
Dry Matter Intake
The means for dry matter intake were: 19.5, 17.6, 20.1, and
19.2 kg per cow per day for Rations 1 through IV, respectively.
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Analysis of feed consumption data revealed a significant (P<.01) 
difference in dry matter consumed for Ration II compared to Rations 
III and IV (Table 5 and Appendix Table 8). Even though an attempt 
was made to formulate the rations on a 60:40 concentrate to roughage 
ratio based on energy, Ration II containing corn silage as the only 
source of roughage resulted in an approximate 50:50 concentrate to 
roughage ratio (Table 3). The lower (P<.01) consumption for cows on 
Ration II compared to Rations III and IV may be explained on the basis 
that the physical form of the ration was a limiting factor. Possibly 
mere important is the fact that Ration II consisted only of concen­
trate and corn silage, whereas; Rations III and IV consisted of 
pelleted Coastal bermudagrass and native grass hay in addition to 
corn silage and concentrate. It was observed, but not documented 
that during the change-over periods that cows coming from Ration II 
and going to Ration I or IV consumed larger quantities of hay the 
first few days of the changeover period. The higher consumption on 
Ration III as compared to Ration IV, although not significant, could 
possibly be due to the cows eating more in an attempt to satisfy 
their energy requirements. This postulation is supported in that 
Ration III produced the lowest percent digestibility of DE (56.TL) 
and was the lowest in energy concentration (2.35 Mcal/kg compared 
to 2.75 for Rations I and IV, and 2.64 for Ration II) (Table 4).
Bauiugardt (10) postulated that if a ration provided sufficient 
energy, then lactating dairy cows would eat to satisfy their energy 
requirements, unless the physical form of the ration or palatability 
prevented them from doing so. Nelson et al. (46) using Coastal
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bermudagrass pellets in varying proportions with concentrate found 
the energy concentration of the ration to be a limiting factor to 
consumption in high producing cows. Montgomery and Baumgardt (45) 
found that dry matter intake decreased as ration digestibility 
increased. The net effect was that the animals had the same digesti­
ble caloric intake regardless of the ration. However, this was not 
the case with the cows in this study since the DE intake ranged from 
46.5 Meal on Ration II to 53.6 Meal on Ration I.
Highly significant (P<.01) positive correlations were obtained 
with dry matter intake and the following: total milk, r = .281;
milk fat percent, r = .287; SNF (kg), r =.291; milk protein (kg'*, 
r = .371; lactose percent, r = .233; and lactose (kg), r .251 
respectively. The correlation between DM intake and FCM (r = .223) 
was significant (P<.05). The importance of these correlations were 
discussed in the previous sections.
Gross and Digestible Energy Intake and Percent DE
Gross energy (GE), (Table 5 and Appendix Table 9) followed 
trends similar to dry matter intake, which is natural since GE is 
simply the function of DM intake and the GE of the ration. More 
important is the DE intake as shown in Table 5. Digestible energy 
intake values were 53.6, 46.5, 47.3, and 52.8 Meal per cow per day 
for Rations I through IV, respectively. The differences between the 
means for cows on Ration I vs II, III, and IV, and cows on Ration 
III vs IV were significant (P<.10) (Table 5 and Appendix Table 10).
A possible reason that means foe cows on Rations II, III, and IV
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did not differ significantly was due to the fact that a smaller number 
of animals were involved in the digestion trial. The average percent 
digestibility ot 1)1 i or cows consuming Rations 1 to IV were 65. 5,
62.2, 66.6 , and 64 .4 , respectively (Table 5). The orthogonal com­
parison for percent 1)1. revealed a significant difference (l’< . 05) lor 
the mean of Ration I and the mean of Rations II, III, and IV and a 
highly significant (I’<.01) difference between the means of Rations 
III and IV (Table 5 and Appendix Table 11). Apparently, the major 
factors affecting the Meal of DE intake were DM intake and percent DE. 
It appears the mean for DE intake for cows on Ration I would not have 
been significantly higher if the mean for cows on Ration III had not 
been so low. With that one exception, the DE intakes for cows on all 
rations were rather uniform and slightly higher than expected. Coppock 
ct al. (18) and Flatt (27) reported slightly lower GE and DE values 
in an earlier study; however, the cows they used did not produce at 
as high a level as the animals in this study. These values do fall 
within the range of values reported by Nelson et al. (46) for a similar 
group of Holstein cows. The lower (P<.01) value observed for cows on 
Ration III (56.6 Meal) compared to Ration IV (64.4) must be attri­
buted to the pelleted Coastal bermudagrass. Similar DE intake values 
were observed for cows on Ration I (65.3) and Ration II (62.2). The 
reason for the considerable lowering of digestibility of DE for cows 
on Ration III apparently was associated with the grinding and pelleting 
of the Coastal bermudagrass since this basically was the only differ­
ence in the two rations. The primary reason for the significant dif­
ference (P<.05) in percent DE for cows on Ration I and the mean lor
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cows on Rations II, III, and IV is probably due to the extremely 
low value obtained for cows on Ration T i l .
Kfficiency of Energy Utilization
One of the most important measures of a rations ability to 
sustain satisfactory milk production is the efficiency in which the 
energy is utilized. Efficiency of energy utilization in this study 
was calculated by the formula proposed by Brody (13) where 
Cross Efficiency = kg FCM/Mcal DE consumed.
In the present study, the formula was slightly modified so as 
to use SCM instead of FCM. The work of Tyrell and Reid (61) has shown 
that SUM comes nearer to correcting milk production for differences 
in fat and SNF than does the formula for FCM as developed by Gaines 
(30) .
In a study of the gross efficiency of DE utilization it was 
found that only the mean for cows on Ration III (.478) differed 
(P<.05) from the mean for cows on Ration IV (.404) (Table 5 and 
Appendix Table 12). Means for cows on Ration I and II were .411 
and .450, respectively (Table 5) and did not differ (P<.05''.
Ti.ese values may be expressed as percentage value by multiplying 
by 100 or as they are reported reflect the amount of SUM produced 
by 1 Meal of digestible energy. Apparently, cows on Ration III, 
in spite of the lowered digestibility of DE, were able to obtain 
sufficient productive energy for adequate and efficient milk pro­
duction. The possibility exists as Flatt (27) pointed out that 
often at higher levels of intake, a decrease in digestibility was
40
compensated by reduced urinary and gaseous losses. Another possi­
bility is that the lower rumen acetic/propionic acid ratio for cows 
consuming Ration III (Table 7) could have had some beneficial effect 
on overall efficiency. Table 8 shows a significant (P<.05) correlation 
between gross efficiency and blood serum glucose of -.357. These data 
support the theory that rumen reactions are active and important in 
the overall efficiency complex. Coppock et al. (18) reported a 
slightly higher lactation efficiency, however, he used estimated net 
energy. Hawkins (36) using performance energy computed in a similar 
manner also obtained slightly higher values.
Elliott and Loosli (23) reported that VFA's in rumen fluid were 
highly related to lactation efficiency. Coppock et al. (19) reported 
correlations between the lactation efficiency and rumen VFA's as 
follows: acetic acid, r = -.73; propionic acid, r = .43 and butyric
acid, r = .67. The correlations obtained for gross efficiency in 
this study were: acetic acid, r = -0.23; propionic acid, r = .221;
and butyric acid, r = .083. The negative correlations between blood 
serum glucose and milk production and milk composition suggest that 
blood serum glucose may be related to a greater extent than previously 
realized.
Body Weight Data
Mean changes in body weights were: +.35, +.29, +.39, and
+31 kg per cow for Rations I through IV, respectively (Table 5).
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Table 7
Average Responses of Certain Rumen Acids and 
Components of Lactating Holstein Cows
Blood
Rations
Response I T 1 111 IV
Rumen Components
Acetic Acid (Molar 7,) 72. 3 73. 2 71 .2 72. 3
Propionic Acid (Molar 7,)— ^ 17.0 16.3 18.8 17.8
Butyric Acid (Molar 7.) 10. 7 10.5 10.0 9.9
C2/C3-f 4.35 4.53 3.98 4.15
(c2 + c^/c-jk/ 4.99 5.18 4.54 4. 72
Blood Components
Hemoglobin (gm/100 ml) 11.37 11.23 11.06 11.21
Oxyhemoglobin (gm/100 ml) 11.02 11.11 10. 78 11 .24
Hemoglobin/Oxyhemoglob in(rat io) 1.07 1.03 1.05 1 .03
Serum Glucose (mg/100 ml) 69. 5 64.5 67.3 67.8
Total Serum Protein (mg/ml) 8.06 8.14 8.02 8.22
f*/Ration II vs. Ill and IV significant at P<.01* 
^Ration II vs. Ill and IV significant at P<.01. 
Ration III vs. IV significant at P<.05.
Table 8
Correlation Coefficients Among Selected Physiological Response for Sixteen Cow - 
Fed Four Rations for Four Periods Using Data Obtained During Weeks Three and Four
Response
Serum
Glucose C2 C3
VFA’s
C4 C2/C3
(c2 +c4)
C3
SCM
(kg)
GE
Gross Intake^/ 
Efficiency
DE
Intake3/
(Heel)
Acetic Acid (C2) -. 1.30
Propionic Acid (C3) .133 -.814
Butyric Acid (C4) .019 -.274 .230
C2 /C3 Ratio -.154 .880 .965 -.089
(C2+C_k) /C3 Ratio
Omp
H1 .825 -.975 .212 .992
SCM .048 .110 .147 .024 .171 .169
Gross Efficiency .357** .230 .221 .083 .271 .250 .639
Q f
GE Intake- .121 .244 .094 .310 .177 .129 - -
DE Intake^ .102 .180 . 160 .101 .187 .169 - - .883***
Ration DE (7,)-/ .023 .102 .150 .388 ** .050 .107 - .018 .449**
Used actual biological data for these variables, therefore only 8 cows in squares 3 and 4 during 
week four were used for these correlations.
** Significant at P<.05.
•'----Significant at P<.01.
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Statistical Analysis revealed these differences to be non-significant. 
This was expected due to the fact that rations were formulated to be 
isocaloric and levels of energy noted were similar for all rations. 
Significant body weight changes might have occurred if longer periods 
had been used.
Rumen VFA1s
Rumen Acetic Ac id
The mean value for the molar percent of rumen acetic acid is 
given in Table 7 and the mean molar percentages of acetic acid by 
treatments were: 72.3, 73.2, 71.2, and 72.3, respectively
for Rations I, II, III, and IV. No significant differences were 
observed for treatment effects or week effects as noted in Appendix 
Table 13. The slightly higher rumen acetic acid value for cows on 
Ration II (73.2M7.) may have been due to the slightly higher percen­
tage of roughage in this ration (47.8) than in the other rations 
(Table 3) . The slightly lower rumen acetic acid value obtained from 
cows or: Ration III (72.2K7,) may be explained in part by the Coastal 
bermudagrass pellets. Several workers (21, 24, 36) have shewn 
that pelleting a portion of the ration has a tendency to lower 
rumen acetic acid values. The small difference between values in 
weeks three and four of 72.4 vs 72.2M7„, (Table 9) would indicate 
this experiment could have been shortened by one week as far as 
rumen acetic acid is concerned. There were no data of this nature 
found in the literature reviewed. Correlations between rumen acetic
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Table 9
Mean Molar Percentage' of Acetic, Propionic, 
in Rumen Fluid by Weeks
and Butyric Acid
Week
Acids 3 4
Acetic 72.4 72.2
Propionic 17.6 17.4
Butyric 10.0 1 0. 6**
** Significant at P<.05.
Table 10
Mean Hemoglobin, Oxyhemoglobin, Hemoglobin/Oxyhemoglobin 
Ratio, Serum glucose, and Total Serum Protein by Weeks
Week
Response 3 4
Hemoglobin (gm/100 ml) 11.42 11.02**
Oxyhemoglob in 10.73 11.35**
Hemoglobin/Oxyhemoglobin 1.09 1 .00***
Serum Glucose (mg/100 ml) 63.06 71.56***
Total Serum Protein (mg/ml) 8.36 7 .87***
** Significant at PC.05.
*** Significant at P<.01.
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acid and other responses were discussed in those sections dealing 
with productive responses and feed consumption.
Rumen Propionic Acid
The mean molar percentage of rumen propionic acid by treatments 
were: Ration I, 17.0; Ration II, 16.3; Ration III, 18.8, and Ration
IV, 17.8, respectively (Table 7). Statistical analyses, shown in 
Appendix Table 14, revealed significant (P<.01) treatment differences 
and nonsignificant week effects. Orthogonal comparisons, summarized 
in Table 7, showed that the average value of this acid for cows on 
Ration II was lower (P<.01) than the averages for cows on Rations III 
and IV. The lower rumen propionic acid for cows on Ration II is most 
likely related to the proportion of roughage consumed in Ration II 
as explained in the preceding section. In addition, Ration II contain­
ed 17.27, crude fiber (Table 3). These data are in agreement with those 
reported by Van Soest (62) and Gorden and Forbes (33) in that the 
percentage of crude fiber had a significant effect on the ratio of 
rumen volatile fatty acids. The highest value for rumen propionic 
acid obtained for cows on Ration III, may be explained in part by the 
fact that pelleted roughage made up 19.77, of the total DM, (Table 3). 
Ensor et al. (24) reported that grinding and pelleting were effective 
in lowering rumen acetic acid and raising rumen propionic acid values.
A possible reason that a significant increase in rumen propionic acid 
did not occur was due to the corn silage in the ration and level of 
crude fiber. Correlations between rumen propionic acid and productive 
responses were discussed in previous sections.
46
As with rumen acetic acid, no significant differences were 
observed for week effects as shown in Table 9 and Appendix Table 14. 
Mean values for week three and week four were 17.6 and 17.4M7„, respec­
tively. For all practical purposes as far as rumen propionic acid is 
concerned, the experiment could have been shortened by at least 
one week.
Rumen Butyric Acid
Mean values for rumen butyric acid were: Ration I, 10.7;
Ration II, 10.5; Ration III, 10.0; and Ration IV, 9.9M7», respectively. 
The analysis of variance for rumen butyric acid (Appendix Table 15), 
revealed nonsignificant treatment effects and a significant week 
effect (P<.05). The means for weeks three and four were 10.0 and 
10.6M7o, respectively, and were significant (P<.05), (Table 9). 
Presently, this difference due to weeks has been unexplainable as 
far as rumen activities are concerned and it is highly possible 
that this difference is real and has not been reported previously.
From the correlations previously discussed, it was observed that 
rumen butyric acid was significantly associated with total milk 
production, r = .189; milk fat percent, r = .213; milk protein yield, 
r = -.254 and lactose yield, r = -.176. This indicates further that 
changes associated with rumen butyric acid may be more important than 
generally thought.
Rumen Acetic/Propionic and (Acetic + Butyric)/Propionic Ratios
The ratios of Cy/C^ and (Cy+C^/C^ were calculated and analyzed 
for all rations (Appendix Tables 16 and 17). Means obtained for Fy/Fj
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and (C2+C4 )/C3 ratios were: Ration I, 4.15, 4.99; Ration II, 4.35,
5.18; Ration III, 3.98, 4.54; and Ration IV, 4.15, and 4.72, respec­
tively (Table 7). Hiese data, summarized in Table 7, showed cows on 
Ration II to have significantly (P<.05) higher C2 /C3 and (C2+C4 >/C3 
rati than those on Rations III and IV. It was further found that 
the ratio for cows on Ration III was significantly (I’<.05)
lower than those on Ration IV.
The significantly higher ratio of C2/C3 and (C2+C4 )/C3 observed 
for cows on Ration II when compared to those on Ration III and IV 
may be due to the higher rumen acetic acid and lower rumen propionic 
acid values observed for those on Ration II. As discussed previously, 
the ratios obtained for cows on all rations in this study were near 
optimal for high milk fat production and efficiency of energy utili­
zation. The lower (P<.05) (C2+C4 )/C3 ratio for cows on Ration III as 
compared to those on Ration IV was due to the higher rumen propionic 
acid and lower rumen acetic acid values obtained for cows on Ration 
III. Values observed for rumen butyric acid were similar for cows 
on both Rations III and IV.
Coppock (19) reported a significant C2/C3 correlation of -.60 
with gross efficiency. Correlations reported herein for C2/C3 and 
(C2+C4 )/C3 ratios in Tables 6 and 8 were generally small and negative. 
Possibly the fact that a near optimal ratio of acetic and propionic 
acid existed in the rumen of cows consuming all rations, as confirmed 
by the excellent productive responses obtained, precluded these rations 
from exhibiting significant correlative responses. Obviously the small 
range of values reported for both rumen acetic and propionic acid as
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well as all the productive responses would minimize any correlations 
between these variables and productive responses. A summary of rations 
by periods and weeks for rumen acetic, propionic, and butyric acids 
are shown in Appendix Table 18.
Blood Compos it ion
Hemoglobin
The mean hemoglobin values obtained from cows consuming four 
rations were: Ration I— 11.37; Ration 11-11.23; Ration III--11.06;
and Ration IV--11.21 gm/100 ml, respectively (Table 7). Analysis of 
variance of hemoglobin data did not reveal any significant differences 
for treatments (Appendix Table 19). Hassan (35) reported values of 
10.7 and 11.25 gm/100 ml, respectively for lactating Holstein cows 
on two levels of protein (14.3% and 20 . 87o) during the month of 
August and September. Values obtained in this study were within the 
normal range for values expected since these animals were lactating 
during winter and early spring.
Oxyhemoglobin
Mean oxyhemoglobin values summarized in Table 7 for the various 
treatments were: 11.02, 11.11, 10.78 and 11.24 gm/100 ml, respec­
tively, for Rations I through IV. As with hemoglobin, oxyhemoglobin 
analysis shown in Appendix Table 20 revealed no significant ration 
effect. The lower value (10.78 gm/100 ml) obtained for cows on 
Ration III may suggest that cows consuming this ration had a lower 
oxygen requirement than cows on the other rations. This postulation 
is made in view of the fact that dry matter consumption (20.1 kg)
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was highest for this ration, percent digestibility of DE (56.67,) was 
lowest, milk yield (21.8 kg) was second highest and gross efficiency, 
the highest (.478). Van Soest (60) reported that the most efficient 
ration was one which produced a rumen acetic/propionic acid ratio 
that was considered to be on the borderline of depressing milk fat 
percent. The milk fat percent for cows on Ration III was 3.57 which 
is slightly below breed average for Holsteins and the rumen acetic/ 
propionic acid ratio is slightly lower than that of the other rations. 
Armstrong et al. (4, 5) demonstrated that acetic acid had a much 
higher heat increment than did propionic and butyric acids. Even when 
acetic was given in a mixture with propionic and butyric, the heat 
increment was higher than propionic, but was intermediate to values 
when acetic acid was given alone. If the rumen acetic/propionic 
acid ratio obtained for cows on Ration III was more nearly optimal 
than that for the other rations, then it could be expected that a 
lower heat increment would be obtained and thus a lower oxyhemoglobin 
value due to lower oxygen requirement because of the lower metabolic 
rate. The values obtained in this study compare favorably with 
values reported by Hassan (35) ind Leo (41). Hassan (35) reported 
non-significant values of 10.73 and 11.13 gm/100 ml for Holstein cows 
under heat stress.
Hemoglobin/Oxyhemoglobin Ratio
Mean ratio values obtained were: 1.07, 1.03, 1.05, and 1.03,
respectively for Rations I, II, III, and IV. As might be expected, the 
ratio of hemoglobin/oxyhemoglobin did not differ significantly for
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Treatment (Table 7 and Appendix Table 21). These are all considered 
to be in the normal range for cattle not under physiological stress. 
Means for hemoglobin, oxyhemoglobin, and hemoglobin/oxyhemoglobin ratios 
by periods, weeks, and rations are summarized in Appendix Table 22.
Blood Serum Glucose
Blood serum glucose means obtained for cows in this study were: 
69.5, 64.5, 67.3, and 67.8 mg/100 ml, respectively for Rations I 
through IV. As mentioned in the review of literature, blood serum 
glucose values were known to vary very little in ruminants due to 
ration effects. The treatment means obtained in this study were 
found not to be significantly different from one another (Table 7 
and Appendix Table 23). Mean blood serum glucose values obtained 
were within normal ranges for studies reported by Rook and Line (53). 
Hassan (35) reported values of 76.8 and 82.8 mg/100 ml; however, the 
rations that he fed were supplemented with a molasses based liquid 
feed supplement. The higher level of sugar in the diet might possibly 
explain the difference between his study and the present one.
Blood serum glucose was found to be significantly correlated 
with several productive responses. The following are the correlations 
obtained with blood serum glucose: total milk, r = -.215; FCM, r *
-.239; SNF percent, r = .22; milk protein yield, r = -.211; lactose 
yield, r = -.211; and gross efficiency, r = -.357. These data are 
summarized in Tables 6 and 8. Jenney et al. (38) found glucose to be 
significantly correlated with: milk fat percent, r = -.7 7 ; rumen
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acetic acid, r ■ -.84; and rumen propionic acid, r * .63; respectively. 
This is in contrast to the results of this study since glucose and 
rumen VFA's correlations were very low and non-significant.
Total Serum Protein
Mean values obtained in this study were 8.06, 8.14, 8.02, and 
8.22 mg7o respectively for Rations 1, II, III, and IV. Treatment means 
wire found to be non-significant, (Table 7 and Appendix Table 24).
Total serum proteins are used primarily as a stress indicator. 
Lue (41) reported values for lactating Holstein cows in the L.S.U. 
herd, of 7.54, 7.75, and 7.97 mg7o for cool, intermediate, and hot 
seasons. Hassan (35) reported values of 8.09 and 8.28 mg7» for 
Holstein cows fed two different levels of protein (14.3 and 20.87»). 
Means for blood serum glucose and total serum protein are summarized 
by periods, weeks, and treatments in Appendix Table 25.
Week Effects on Blood Components
Means for hemoglobin (gm/100 ml), oxyhemoglobin (gm/100 ml), 
hemoglobin oxyhemoglobin ratio, blood serum glucose (mg7o) , and total 
serum protein (mg/ml) for weeks three and four were as follows: week
three--ll.42, 10.73, 1.09, 63.06, and 8.36; and week four--11.02,
11.35, 1.00, 71.56, and 7.86, respectively (Table 10). Significant 
(P<.05) week effects were noted for hemoglobin and oxyhemoglobin and 
highly significant (P<.01) effects were observed for hemoglobin/oxy­
hemoglobin ratio, serum glucose, and total serum protein. At the 
initiation of this study, week effects were not expected to be observed
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for these variables. Apparently the only statement that may be made 
is that even though treatment means did not vary significantly, there 
was enough difference in rations to cause variability within these 
components in the blood and sufficient time had not elapsed by week 
three in order for these blood components to stabilize. Another 
possibility would be that there were variations in technique from 
week to week. Whatever the case may be, further studies are needed 
to elucidiate the true pattern of variation within these blood com­
ponents with respect to weeks, especially in change-over type trails.
SUMMARY AND CONCLUSIONS
The purpose of this study was to determine the effect of 
modifying the roughage sources in complete rations fed to high pro­
ducing cows on productive responses and on certain physiological 
responses as measured by changes in rumen VFA's and certain blood 
components. In addition, an attempt was made to determine if change­
over type feeding trials could be shortened by one week in each period 
without affecting the final results for certain rumen and blood 
components.
Variables measured were: total milk, milk fat percent, SNF
percent, milk protein percent, lactose percent, FCM, SCM, rumen 
acetic acid (C2) , rumen propionic acid (C-j) , and rumen butyric acid 
(C4 ), blood serum glucose, hemoglobin, oxyhemoglobin, total serum 
protein, EM consumption, GE intake, DE intake, digestibility of DE, 
gross efficiency for all rations and body weight change. Correla- 
t Lons among variables were determined.
Sixteen lactating Holstein cows were used in a 4 x 4 Latin 
Square design. The study was divided into four squares consisting 
of four cows and had four, four week periods. The first week of each 
period was considered the change-over period and no data was collected.
The four rations used in this study were formulated to be 
isocaloric and isonitrogenous with 60 percent of the digestible energy 
being provided by the concentrate and 40 percent from the roughage
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portion of the ration. Ration I (Control) consisted of concentrates, 
corn silage, and alfalfa hay fed separately. Ration II was a mixture 
of concentrates and corn silage; Ration II a mixture of concentrates, 
corn silage, and Coastal bermudagrass pellets; and Ration IV a mixture 
of concentrates and corn silage, with native grass hay fed separately. 
Where analysis of variance indicated significant (P<.10) treatment 
effects, the independent degrees of freedom test of significance of 
means was used to determine which means were different. The following 
set of orthognal comparisons selected prior to the conduct of the 
experiment were made when appropriate: (A) Ration I vs II, III, and
IV; (B) Ration II vs III,and IV; and (C) Ration III vs IV. The first 
compares the control ration with the mean of the three complete 
rations. The second compares the complete ration with one roughage 
source with the mean of complete rations containing two roughage 
sources. Finally, the third compares the two rations containing two 
different sources and methods of feeding hay.
Milk Production
The mean daily milk production for cows consuming Rations I,
II, XII, and IV were; 22.2, 20.6, 21.8, and 21.7 kg per day, respec­
tively. Cows on Ration I produced significantly (P<.10) more milk 
than Rations II, III, and IV which was probably due to the high level 
of DM consumption and ration digestibility. Cows on Ration II produced 
significantly (P<.05) less milk than cows on Rations III and IV because 
of the approximately 77„ less DE intake than cows consuming the other 
two rations.
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When milk production was computed on an FCM and SCM basis, 
there were no significant differences between production of milk 
for the cows on each ration. The daily means for I-'tTM and S<Tf were: 
Ration [--20.9, 20.7; Ration II--19.7, 19.5; Ration 1 II--20.2,
20.5; and Ration IV--20.1, 20.0, respectively.
Milk Composition
The percentages of milk fat, SNF, milk protein, and lactose for 
cows consuming Rations I through IV were: Ration I--3.65, 8.64, 3.40,
and 4.73; Ration II--3.75, 8.62, 3.42, and 4.73; Ration II1--3.57,
8.77, 3.54, and 4.75; and Ration IV--3.56, 8.64, 3.45, and 4.72, re­
spectively. Ration II produced milk with a higher (P<.P1) fat content 
and lower (P<.05) SNF content than Rations III and IV, respectively. 
Ration III produced milk with significantly (P<.10) greater protein 
content than Ration IV. The higher milk fat percent and lower SNF 
percent for cows on Ration II appeared to be due to the higher rumen 
acetic acid and lower rumen propionic acid values produced by this 
ration. This resulted in higher (P<.01) rumen C2/C3 and (C^FC^/C^ 
ratios which were considered conducive to high milk fat percentages and 
low SNF percentages. The change in SNF percentages appeared to be due 
primarily to the higher (P<.10) milk protein values for cows on Ration
III. Ration III was also found to produce higher (P<.01) rumen pro­
pionic acid levels in cows on this ration. Increasing the levels 
of rumen propionic acid have been reported to be conducive to in­
creasing milk protein percentages.
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Feed and Energy Consumption
Mean daily consumption of DM (kg), CF (Meal), DE (Meal), and 
percentage DF were as follows: Ration 1 — 19.5, 81.8, 53.6, and 65.3;
Ration I I —  17.6, 75.1, 46.5, and 62.2; Ra t ion I 1 I --20.1, 84.0, 47.3, 
and 56.6; and Ration LV--19.2, 82.1, 52.8, and 64.4, respectively.
Dry matter intake and GE intake were lower (P<.01) and (P<.05). 
respectively, for cows on Ration II as compared to cows on Ration 111 
and IV. Also DE intake for cows on Ration I was higher (P<.10) than 
intakes for cows on Rations II, III, and IV. Percent digestibility 
of DE was higher (P<.05) on Ration II than on Rations II, III, and 
IV, but Ration III was lower (P<.01) than Ration IV. It appears the 
significant difference found for percent digestibility of DE on Ration 
I would not have occurred if the values obtained on Ration III had not 
been so low. The lower value (P<.01) found for cows on Ration III 
compared to Ration IV is attributed to the grinding and pelleting of 
approximately 40% of the roughage portion of the ration. Grinding and 
pelleting have been found to decrease ration digestibility due to the 
increased rate of passage through the gastro-intestinal tract. The 
lower DM and GE intake values on Ration II were probably the result of 
the cows not being able to consume adequate amounts of this ration due 
to the physical form or possibly to a palatability problem. The 
latter may be the case since Ration III and IV achieved higher levels 
of intake and consisted of two sources of roughage whereas Ration II 
consisted of corn silage only.
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Cross Efficiency
The mean gross efficiency of DE utilization expressed as kg SCM 
produced per Meal DE was .411, .450, .478, and .404 for Rations I 
through IV, respectively. Cows on Ration III showed a higher (P<.05) 
gross efficiency value than did cows on Ration IV. Apparently the 
roughage combination or the physical characteristic of the ration was 
such that it provided a ruminal environment more conducive to more 
efficient milk production. Cows on Ration III were noted to have a 
lower rumen ratio than cows on Ration IV.
Rumen Volatile Fatty Acids
Mean molar percentages of ruminal acetic, propionic, and butyric 
acids for cows consuming the four rations were: Ration I--72.3, 17.0,
and 10.7; Ration II--73.2, 16.3, and 10.5; Ration III —  71.2, 18.8, 
and 10.0; and Ration IV--72.3, 17.8, and 9.9, respectively. Non­
significant ration effects were noted for rumen acetic and butyric 
acids. A significant (P<.01) difference was found for rumen propionic 
acid in cows on Ration II as compared to those on Rations III and IV. 
The physical form as well as type of roughage in the complete ration 
appears to be important as previously discussed.
Significant week effects were found only for rumen butyric acid 
with week four being higher (P<.05) than week three. The mean molar 
percentages for rumen acetic, propionic, and butyric acids for weeks 
three and four were: 72.4, 17.6, 10.0; and 72.2, 17.4, and 10.6,
respectively. Non-significant week effects were noted for rumen acetic 
.111(1 rumen pr opionic acid.
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Ratios of rumen C2 /C3 and (C2+C4 )/C3 lor cows on Rations L thru 
IV were: 4.35, 4.99; 4.53 5.18; 3.98, 4.54; and 4.15, 4.72, respec­
tively. Cows on Ration II had a higher (P<.01'' ratio of ('2/C3 and 
(C2+C4 V C 3 than cows on Rations III and IV. This difference was due 
primarily to the higher rumen acetic acid values for cows on Ration II 
and higher rumen propionic acid values of cows on Rations III and IV. 
Cows on Ration I I I  were found to have a lower (P<.05> (C2+C^)/C3
ratio as compared to ration IV. This was due to the higher rumen 
propionic acid values found in cows on Ration II I
Blood Compos it ion
The mean concentration of hemoglobin (gm/100 ml), oxyhemoglobin 
(gm/100 ml), hemoglobin/oxyhemoglobin ratio, blood serum glucose 
(mg/100 ml), and total serum protein (mg/ml) were: Ration I--11.37,
11.02, 1.07, 69.5, and 8.06; Ration II--11.23, 11.11, 1.03, 64.5, and 
8.14; Ration III--11.06. 10.78, 1.05, 67.3, and 8.02; and Ration IV-- 
11.21, 11.24, 1.03, 67.8, and 8.22, respectively. There were no 
significant ration effects for any of the blood components studied. 
However, each component was found to be different when week three was 
compared to week four. It appears that even though ration effects 
were not large enough to be detected, rations may have influenced 
weekly values enough to cause a significant difference to be ob­
served in the week effects.
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Correlat ions
Several interesting correlations were obtained among the vari­
ables studied. blood serum glucose was found to be significantly 
related to: gross efficiency, r = -.357; total milk, r = -.215;
FCM, r = -.2 39; milk fat production, r = -.239; SNF percent, r =
-.220; milk protein production, r = -.211; and lactose production, 
r = -.211. Rumen butyric acid was found to be significantly related 
to: total milk, r = -.189; milk fat percent, r = -.213; milk pro­
tein production, r = -.254. and lactose production, r = -.176.
Likewise, DM consumption was related to: milk production, r =
.281; milk fat percent r = .287; SNF production, r = .291; milk pro­
tein production, r = .371; lactose percent, r = .233; and lactose 
production, r = .251. It appears from these data that rumen reactions 
as dictated by the rations in this study had a significant effect 
on levels of blood serum glucose and rumen butyric acid as well as 
on productive responses such as milk yield, percentages of milk 
fat, SNF protein, and lactose production.
Conclus ions
The results reported in this study seem to justify the 
fo1lowi ng:
1. Corn silage is a satisfactory source of roughage for use 
in complete rations for high-producing dairy cows.
2. The additional sources of roughage such as native grass hay 
or Coastal bermudagrass pellets may be substituted for corn silage 
without any significant depression in FCM or SCM.
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J. A complete ration using corn silage as the primary source 
of roughage when fed to high producing dairy cattle at an approximate 
ratio of 50:50 concentrate to roughage produces satisfactory results.
A 60:40 concentrate to roughage ratio may have been more satisfactory.
4. Pelleting a portion of the roughage had a significant effect 
on the molar percentage of rumen propionic acid and subsequently af­
fected the ratios of rumen C2/C3 and (C2+C4 )/C3- In addition, increased 
rumen propionic acid values appear to have been responsible for the 
higher SNF and milk protein values as well as efficiency of energy 
utilization for cows on Ration III.
5. A three week experimental period was sufficiently long for 
ration effects to be manifested as far as changes in rumen acetic acid 
and rumen propionic acid were concerned.
6 . Butyric acid in rumen fluid and blood glucose appear to be 
important parameters to study in relation to milk production and milk 
composition.
7. Further studies are needed to determine:
(a) the associated effects of pelleted Coastal bermudagrass 
in corn silage-based complete rations on rumen VFA's 
and efficiency of energy utilization, and
(b) the adequate length of the change-over period in order 
to study treatment effects on rumen butyric acid, 
hemoglobin, oxyhemoglobin, hemoglobin/oxyhemoglobin 
ratio, blood serum glucose and total serum protein.
SELECTED BIBLIOGRAPHY
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8) 
(9)
(10)
(ID
American Public Health Association. 1960. Standard Methods for 
The Examination of Dairy Products, 12th ed. American Public 
Health Assn., Inc. New York.
Annison, E. F., and Dyfed Lewis. 1959. Metabolism in the Rumen. 
Methiene and Co. LTD., London. John Wiley and Sons, Inc. New 
York.
A.O.A.C. 1965. Official Methods of Analysis, 10th ed. Associa­
tion of Official Agricultural Chemists. Washington, D. C.
Armstrong, D. G., and K. L. Blaxter. 1957. The heat increment
of steam-volatile fatty acids in fasting sheep. British J. 
Nutr. 11:247.
Armstrong, D. G., K. L. Blaxter, and N. M. C. Graham. 1957. The
heat increment of mixtures of steam-volatile fatty acids in
fasting sheep. British J. Nutr. 11:392.
Armstrong, D. G., and K. L. Blaxter. 1957. The utilization of
acetic, propionic and butyric acids by fattening sheep.
British J. Nutr. 11:413.
Balch, D. A., and S. J. Rowland. 1957. Volatile fatty acids and
lactic acid in the rumen of dairy cows receiving a variety of
diets. British J. Nutr. 11:288.
Balch, D. A. 1958. An estimate; of the weights of volatile fatty 
acids produced in the rumen c>f lactating cows on a diet of 
hay and concentrates. British J. Nutr. 12:18.
Baumgardt, B. R. 1964. Practical observations on the quantita­
tive analysis of free volatile fatty acids (VFA) in aqueous 
solution by gas-liquid chromatography. Dept. Bull. No. 1. 
Department of Dairy Sci. University of Wisconsin, Madison.
Baumgardt, B. R. 1967. Efficiency of nutrient utilization for 
milk production: Nutritional and physiological aspects. J.
Animal Sci. 26:1186.
Blaxter, K. L. 1956. The nutritive value of feeds as sources of 
energy: A Review. J. Dairy Sci. 39:1396.
61
62
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20) 
(21)
(2 2)
(23)
Blaxter, K. L. 1960. Energy utilization in the ruminant. 
Digestive physiology and nutrition of the ruminant. Pro­
ceedings of the University of Nottingham Seventh Easter 
School in Agricultural Science.
Brody, S. 1945. Bioenergics and Growth. Reinhold Publ. Corp. 
New York.
Cannan, R. K. 1955. Proposal for distribution of certain 
standards for use in hemoglobinometry prepared by Division 
of Medical Sciences, National Academy of Science-National 
Research Council. J. Lab. and Clinical Med. 46:135.
Cochran, W. G., and Gertrude M. Cox. 1957. Experimental 
Designs, 2nd ed. John Wiley and Sons, Inc. New York.
Collier, H. B. 1955. Use of sequestering agents in deter­
mination of oxyhemoglobin. Am. J. Clin. Path. 25:221.
Coppock, C. E. 1969. Symposium. Dairy Cattle Feeding.
Problems associated with all corn silage feeding. J. Dairy 
Sci. 52:848.
Coppock, C. E., W. P. Flatt, and L. A. Moore. 1964. Effect 
of hay to grain ratio on utilization of metabolizable energy 
for milk production by dairy cows. J. Dairy Sci. 47:1330.
Coppock, C. E., W. P. Flatt, L. A. Moore, and W. E. Stewart.
1964. Relationships between end products of rumen fermen­
tation and utilization of metabolizable energy for milk 
production. J. Dairy Sci. 47:1359.
Cottyn, B. G., and C. V. Boucque. 1968. Rapid method for gas 
chromatographic determination of volatile fatty acids in rumen 
fluid. J. Agr. Food Chem. 16:105.
Drude, R. E., J. R. Escano, and L. L. Rusoff. 1971. Value 
of complete feeds containing combinations of corn silage, 
alfalfa pellets, citrus pulp, and cottonseed hulls for 
lactating cows. J. Dairy Sci. 54:773.
Elliot, J. M., and J. K. Loosli. 1959. Effect of the dietary 
ratio of hay to concentrate on milk production, ration 
digestibility and urinary energy losses. J. Dairy Sci. 42:836.
Elliot, J. M., and J. K. Loosli. 1959. Relationships of milk 
production efficiency to the relative proportions of the 
rumen volatile fatty acids. J. Dairy Sci. 42:843.
63
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
Ensor, W. L., J. C. Shaw, and H. Tellechea. 1959. Special diets 
for the production of low fat milk and more efficient gains 
in body weight. J. Dairy Sci. 42:189.
Erwin, E. S., G. J. Marco, and E. M. Emery. 1961. Volatile
fatty acids analyses of blood and rumen fluid by gas chromato­
graphy. J. Dairy Sci. 44:1768.
Escano, J. R. 1971. Effect of varying energy level in com­
plete feeds containing grain sorghum silage on responses 
of dairy cows. Ph.D. Dissertation, Louisiana State University, 
Baton Rouge.
Flatt, W. P. 1966. Energy metabolism results with lactating 
dairy cows. J. Dairy Sci. 49:230.
Forbes, E. B. 1933. The law of maximum nutritive value.
Science. 77:306.
Fosgate, 0. T., Loretta Liang, and N. W. Cameron. 1968. Ad 
libitum and controlled group feeding of lactating dairy 
cows. J. Dairy Sci. 51:623.
Gaines, W. L. 1928. The energy basis of measuring milk yield
in dairy cattle. 111. Agr. Exp. Sta. Bull. No. 308.
Girouard, R. E. 1968. Complete rations for dairy cattle and 
their effect upon digestibility, rumen volatile fatty acids 
and milk fatty acids. Ph.D. Dissertation, Louisiana State 
University, Baton Rouge.
Gonzales, Aranda, N., L. J. Bush, and J. L. Cunningham. 1971. 
Polyethylene as roughage substitute in rations for dairy 
cattle. J. Animal Sci. 32:1239.
Gordon, F. J., and T. J. Forbes. 1971. Effect of fiber level
in the diet of the dairy cow on milk yield and composition.
J. Dairy Res. 38:381.
Harris, L. E. 1966. Nutrient Requirements of Domestic Animals. 
Biological Energy Interrelationships and Glossary of Energy 
Terms. 1st rev. ed. National Academy of Sciences, National 
Research Council. Publ. 1411, Washington, D. C.
Hassan, Adel Abd El Samed M. 1971. Effect of dietary protein 
levels on the physiological performance of lactating dairy 
cattle under heat stress. Ph.D. Dissertation, Louisiana 
State University.
64
(36)
(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)
(45)
(46)
(47)
Hawkins, G. E., G. E. Paar, and J. A. Little. 1963. Physiol­
ogical responses of lactating cattle to pelleted corn and 
oats. J. Dairy Sci. 46:1073.
Hodgson, R. E., W. H. Riddell, and N. C. Huges. 1932. Factors
influencing the blood sugar level of dairy cattle. J. Agric.
Res. 44:357.
Jenney, B. F., C. E. Polan, and F. W. Thye. 1972. Effects of 
high grain-restricted roughage rations on serum insulin in 
the lactating bovine. J. Dairy Sci. 55:399.
Kesler, E. M., and S. L. Spahr. 1964. Physiological effects of 
high level concentrate feeding. J. Dairy Sci. 47:1122.
Kronefeld D. S. 1957. A comparison of normal concentration 
of reducing sugar, volatile fatty acids, and ketone bodies
in blood of lambs, pregnant ewes, and non-pregnant adult
ewes. Australian J. Agr. Res. 8:202.
Lee, J. A. 1973. Adrenal cortical and other physiological 
responses to environmental changes in the bovine. Ph.D. 
Dissertation, Louisiana State University, Baton Rouge.
McCarthy, R. D., J. C. Shaw, J. L. McCarthy, S. Lakshamanan 
and J. B. Holter. 1958. Production and absorption of 
organic acids in the perfused goat rumen. Proc. Soc. Exp. 
Viol. Med. 99:556.
McCoy, G. C., H. S. Thurman, H. H. Olson, and A. Reed. 1966. 
Complete feed rations for lactating dairy cows. J. Dairy 
Sci. 49:1058.
Mertens, D. R., J. R. Campbell, F. A. Marty, and E. S. Hilder- 
brand. 1971. Lactational and ruminal responses of dairy 
cows to ten and twenty percent dietary newspaper. J. Dairy 
Sci. 54:667.
Montgomery, M. J., and B. R. Baumgardt. 1965. Regulation of 
food intake in ruminants. I. Pelleted rations varying in 
energy concentration. J. Dairy Sci. 48:569.
Nelson, B. D., H. D. Ellzey, E. B. Morgan, and Marvin Allen. 
1968. Effects of feeding lactating dairy cows varying 
forage to concentrate ratios. J. Dairy Sci. 51:1796.
Phillipson, A. I. 1947. Fermentation in the alimentary tract 
and the metabolism of the derived fatty acids. Nutr.
Asts. and Rev. 17:12.
65
(48)
(49)
(50)
(51)
(52)
(53)
(54)
(55)
(56)
(57)
(58)
(59)
Popjak, G., T. H. French, and S. J. Talley. 1951. Utilization 
of acetate for milk fat synthesis in the lactating goat. 
Biochem. J. 48:411.
Powell, E. B. 1939. Some relations of roughage intake to the 
composition of milk. J. Dairy Sci. 22:453.
Putnam, P. A., and R. E. Davis. 1961. Effects of feeding pel­
leted complete rations to lactating cows. J. Dairy Sci. 
42:1070.
Putnam, P. A., and J. K. Loosli. 1959. Effects of feeding dif­
ferent ratios of roughage to concentrate upon milk production 
and difestibility of the ration. J. Dairy Sci. 42:1070.
Rakes, A. H. 1969. Symposium. Dairy Cattle Feeding. Complete 
rations for dairy cattle. J. Dairy Sci. 52:870.
Rook, J. A. F., and C. Line. 1961. The effect of the plane of 
energy nutrition of the cow on the secretion in milk of the 
constituents of the solids-not-fat fraction and on the con­
centration of certain blood plasma constituents. British 
J. Nutr. 15:109.
Rook, J. A. F., C. C. Balch, and V. W. Johnson. 1965. Further 
observations on the effects of intraruminal infusions of 
volatile fatty acids and of lactic acid on the yield and 
composition of the milk of the cow. British J. Nutr. 19:93.
Roussel, J. D., K. L. Koonce, and M. A. Pinero. 1973. Rela­
tionship of blood serum protein and protein fraction to milk 
constituents and temperature-season. J. Dairy Sci. 55:1093.
Shaw, J. C., R. R. Robinson, M. E. Senger, S. Lakshamanan, and 
T. R. Lewis. 1959. Production of low fat milk:l. Effect 
of quality and quantity of concentrate on rumen volatile 
fatty acids and milk composition. J. Nutr. 69.235.
Shaw, J. C., W. L. Ensor, H. F. Tellechea, and S. D. Lee. 1960. 
Relation of diet to rumen volatile fatty acids, digestibility, 
efficiency of gain,and degree of unsaturation of body fat in 
steers. J. Nutr. 71:203.
Snedecor, George W. 1956. Statistical Methods. Iowa State 
College Press, Ames.
Storry, J. E., and J. A. F. Rook. 1965. The effects of a diet 
low in hay and high in flaked maize on milk fat secretion and 
on the concentration of certain constituents in the blood 
plasm of the cow. British J. Nutr. 19:101.
66
(60)
(61)
(62)
( 6  S)
(64)
(65)
(66)
Trenkle, Allen. 1970. Effects of short-chain fatty acids, 
feeding, fasting, and type of diet on plasma insulin levels 
in sheep. J. Nutr. 100:1323.
Tyrell, H. F., and J. T. Reid. 1965. Prediction of the energy 
value of cow's milk. J. Dairy Sci. 48:1215.
Van Soest, P. J. 1963. Ruiuinal fat metabolism with particular 
reference to factors affecting low milk fat and feed effi­
ciency. A Review. J. Dairy Sci. 46:204.
Villavicencio, E., L. L. Rusoff, R. E. Girouard, and W. 11.
Waters. 1968. Comparison of complete feed rations to a 
conventional ration for lactating cows. J. Dairy Sci.
51:1633.
Ward, George M., and P. L. Kelley. 1969. Influence of roughage- 
to-concentrate ratios on ad libitum consumption by lactating 
cows. J. Dairy Sci. 42:1017.
Waters, W. H. 1971. Complete feed studies. III. Effect of 
corn silage and coastal bermudagrass pellets as sources of 
roughage on productive responses of lactating,dairy cows.
Ph.D. Dissertation, Louisiana State University, Baton Rouge.
Weichselbaum, T. E. 1946. An accurate and rapid method for 
determination of protein in small amounts of blood serum and 
plasma. Am. J. Clin. Path. 16:40.
APPENDIX
67
68
Appendix Table 1
Analysis of Variance for Daily Milk Production (kg) for Sixteen
Holstein Cows Fed Four Rations for Four Periods
Source df
Sum of 
Squares
Mean
Squares F
Total 191 5020.8945
Squares 3 1519.5334 506.5110 61. 63 ^
Column/Square 12 942.7554 78.5630 9.56£/
Row/Square 12 2107.0161 175.5847 21.36£/
Rations 3 67.5030 22.5010 2.738£/
Rations x Square 9 74.0537 8.2282 1.0016
Error A 24 197.1668 8.2153
Pooled Error
(Error A+RxS)
33 271.2205 8.2188
Weeks 2 22.5948 11.2974 16.185£/
Rations x Weeks 6 6.5339 1.0890 1.560
Sq. x Wk. 6 4.9293 .8215 1.174
Sq. x R x W 18 11.6640 .6480 < 1.00
Error B 96 67 1672 .6997
Pooled Error
(Error B+SxW+SxRxW)
120 83 7605 .6980
— ^Significant at P<.10. 
— ^Significant at P<.05 . 
.^Significant at P<.01.
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Appendix Table 2
Analysis of Variance for Fat Corrected Milk (kg) for
Sixteen Holstein Cows Fed the Four Rations
for Four Periods
Source df
Sum of 
Squares
Mean
Squares F
Total 191 3336.7964
Squares 3 731.5054 243.8351 33.93^
Column/Square 12 682.7241 56.8937 7.9i~n
Row/Square 12 1510.5888 125.882 i7.5i~n
Rations 3 32.5012 10.8337 1.51
Rations x Square 9 59.1236 6.5693 < 1.00
Error A 24 178.0792 7.4199
Pooled Error
(Error A + R x S)
33 237.2028 7.1872
Weeks 2 29.8273 14.9137 17.54£n
Rations x Weeks 6 11.6484 1.9414 2.31
Sq. x Wk. 6 5.3948 .8991 1.07
Sq. x R x W 18 13.6804 .7600 < 1.00
Error B 96 81.7234 .8502
Pooled Error
(Error B + S x W + SxRxW)
120 100.7986 .8399
insignificant at P<.10.
^/significant at P<-05.
insignificant at P<.01.
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Appendix Table 3
Analysis of Variance for Solids Corrected Milk for
Sixteen Holstein Cows Fed Four Rations
for Four Periods
Source df
Sum of 
Squares
Mean
Squares F
Total 191 3294.8700
Square 3 658.1744 219.3915 31.11-/
Column/Square 12 751.0594 62.5883 8.87-/
Row/Square 12 1436.8454 119.7371 16.98^
Rations 3 38.8257 12.9419 1.84
Rations x Square 9 61.0028 6.7781 < 1.00
Error A 24 171.7319 7.1555
Pooled Error A 33 232.7347 7.0526
Weeks 2 41.3289 20.6644
c / 
2 0.22—
Rations x Weeks 6 13.2429 2.2072 2.16^
Sq. x Wk. 6 4.5951 .7653 < 1.00
Sq. x R x W 18 14.2429 .7913 < 1.00
Error B 96 103.8212 1.0815
Pooled Error
(Error B + S x W + SxRxW)
120 122.6592 1.0222
^Significant at P<.10. 
^^Significant at P<.05. 
JE^Signifleant at P<.01.
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Appendix Table 4
Analysis of Variance for Dally Fat Percent for
Sixteen Holstein Cows Fed Four Rations for
Four Periods
Sum of Mean
Source df Squares Square F
Total 191 37.8934
Squares 3 7.9585 2.6528 27.38^
Column/Square 12 3.5872 .2989 3.09— ^
Row/Square 12 13.4112 1.1176 11.53^
Rations 3 1.1136 .3712 3.83^
Rations x Square .4270 .0474 < 1.00
Error A 24 2.7706 .1154
Pooled Error
(Error A+R x S)
33 3.1976 .0969
Weeks 2 .1293 .0647 < 1.00
Rations x Weeks 6 .3290 .0548 < 1.00
Sq. x Wk. 6 .4625 .0771 1.16
Sq. x R x W 18 1.3264 .0737 1.11
Error B 96 6.3787 .0664
— ^Significant at P<.10. 
Ji/signifleant at P<.05. 
— ^Significant at P<.01.
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Appendix Table 5
Analysis of Variance for SNF Percent for Sixteen
Holstein Cows Fed Four Rations for Four Periods
Source df
Sum of 
Squares
Mean
Square F
Total 191 45.03694
Squares 3 3.53708 1.17903 18.09^
Column/Square 12 11.75209 .97934 15.02— ^
Row/Square 12 6.59311 .54943 8A3-
Rations 3 .65366 .21789 3.19^
Rations x Square 9 .59268 .06585 < 1.00
Error A 24 1.55854 .06494
Pooled Error
(Error A+R x S)
33 2.15122 .06822
Weeks 2 3.60986 1.80493 13.08^
Rations x Weeks 6 .17861 .02977 < 1.00
Sq. x Wk. 6 1.18508 .19751 1.40
Sq. x R x W 18 1.18033 .06557 < 1.00
Error B 96 14.19739 .14789
Pooled Error
(Error B + S x W + SxRxW)
120 16.56280 .13802
— ^Significant P<.10.
— ^Significant P<.05.
— ^Significant P<.01.
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Appendix Table 6
Analysis of Variance for Milk Protein Percent for
Sixteen Holstein Cows Fed the Four Rations for
Four Periods
Source df
Sum of 
Squares
Mean
Squares F
Total 191 17.7491
Squares 3 6.6476 2.2159 37.53^
Column/Square 12 .7253 .6045 10.24£/
Row/Square 12 5.7431 4.7854 81.06£/
Rations 3 .5312 .1771 3.00^
Rations x Square 9 .4939 .0549 < 1.00
Error A 24 1.4543 .0606
Pooled Error
(Error A + R x s)
33 1.9482 .0590
Weeks 2 .0365 .0183 1.08
Rations x Weeks 6 .0794 .0132 < 1.00
Sq. x Wk. 6 .0472 .0079 < 1.00
Sq. x R x W 18 .3638 .0202 1.19
Error B 96 1.6270 .0169
Pooled Error
(Error B + S x W + SxRxW)
120 2.0380 .0170
— ^Significant at P<.10.
— ^Significant at P<.05.
^Significant at P<.01.
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Appendix Table 7
Analysis of Variance for Lactose Percent for
Sixteen Holstein Cows Fed Four Rations
for Four Periods
Source df
Sum of 
Squares
Mean
Square F
Total 191 8.7098
Squares 3 .1408 .0470 < 1.00
Column/Square 12 .8297 .0691 1.03
Row/Square 12 2.0747 .1729 2.57-/
Rations 3 .0201 .0067 ^ 1.00
Rations x Square 9 .7516 .0835 1.24
Error A 24 1.4671 .0611
Pooled Error
(Error A + R x S)
33 2.2187 .0672
Weeks 2 .0102 .0051 < 1.00
Rations x Weeks 6 .1862 .0310 1.15
Sq. x Wk. 6 .1898 .0310 1.18
Sq. x R x W 18 .5194 .0289 1.10
Error B 96 2.5256 .0263
Pooled Error
(Error B + S x W + SxRxW)
120 3.2348 .0269
— ^Significant at P<.10.
— ^Significant at P<.05.
— ^Significant at P<.01.
75
Appendix Table 8
Analysis of 
Sixteen
Variance for Dry Matter Intake 
Holstein Cows Fed Four Rations 
for Four Periods
for
Source df
Sum of 
Squares
Mean
Squares F
Total 919 3078.1154
Square 3 50.3833 16.7944 2.33
Column/Square 12 783.4313 65.2859 9.05£/
Row/Square 12 1112.7969 93.4831 12.96^
Rations 3 358.5141 119.5047 16.57— 7
Rations x Square 9 32.6637 3.6292 < 1.00
Error A 24 205.3584 8.5566
Pooled Error A (Error A + R x S) 33 246.1868 7.2127
Weeks 2 34.3771 17.1885 4.52
Rations x Weeks 6 39.5092 6.5848 1.73
Sq. x Wk. 6 36.8297 6.1382 1.76
Sq. x T x W 18 80.5692 4.4760 1.28
Error B 96 334.6932 3.4863
— ^Significant at P<.01.
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Appendix Table 9
Analysis of Variance for Gross Energy Consumption
for Eight Holstein Cows Fed Four Rations
for Four Periods
Source Hf
Sum of
Snuarps
Mean
Squares F
Total 95 18243.3520
Squares 1 264.3408 264.3408 2.23
Column/Square 6 5368.6555 894.7758 7.54~ 7
Row/Square 6 7856.9175 1309.4863 11.04^
Rations 3 1076.9434 358.9810 3.0)
Rations x Square 3 35.2895 11.7632 < 1.00
Error A 12 1743.9128 145.3261
Pooled Error
(Error A + R x S)
15 1779.2023 118.6135
Weeks 2 148.0575 74.0288 2.52^
Rations x Weeks 6 106.4243 17.7374 < 1.00
Sq. x Wk. 2 52.7482 26.3741 1.00
Sq. x R x W 6 66.7115 11.1186 < 1.00
Error B 48 1523.5012 31.7396
Pooled Error
(Error + S x W + SxRxW)
56 1642.9609 29.3386
— ^Significant at P<.10.
— ^Significant at P<.05.
.^Significant at P<.01.
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Appendix Table 10
Analysis of Variance for Digestible Energy (Meal)
for Eight Holstein Cows Fed Four Rations
for Four Periods
Source df
Sum of 
Squares
Mean
Squares F
Total 31 2514.1401
Squares 1 200.3500 200.3500 5.00^
Column/Squares 6 942.7602 157.1267 3.49^
Row/Squares 6 543.7655 90.6276 2.26
Rations 3 321.0391 107.0131 2 .67-/
Rations x Square 3 254.0350 84.678 2.11
Error A 12 480.8290 40.0691
— ^Significant at P<.05. 
— ^Significant at PC.10.
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Appendix Table 11
Analysis of Variance for Percent Digestible Energy for
Eight Holstein Cows Fed Four Rations for Four Periods
Sum of Mean
Source df Squares Squares F
Total 31 781.2493
Squares 1 28.7471 28.7471 2.21
Columns/Square 6 103.5109 17.2518 1.33
Rows/Square 6 86.8135 14.4689 1.11
Rations 3 367.7612 122.5871 9.09:
Rations x Square 3 32.5756 10.8585 < 1.00
Error A 12 161.8640 13.4886
Pooled Error 15 194.4396 12.9926
(Error A + R x S)
— ^Significant at P<.01
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Appendix Table 12
Analysis of Variance for Efficiency of Energy
Utilization for Eight Holstein Cows Fed
Four Rations for Four Periods
Source df
Sum of 
Squares
Mean
Squares F
Total 31 .324011 .010450
Squares 1 .083130 .083130 24.19^
Column/Square 6 .042686 .007114 2.07
Row/Square 6 .123874 .020645 6 .00^
Rations 3 .289830 .009661 2.81-/
Rations x Square 3 .004085 .001361 < 1.00
Error A 12 .041247 .003437
— ^Significant P<.10.
— ^Significant P<.01.
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Appendix Table 13
Analysis of Variance for Molar Percent Acetic Acid for
Sixteen Holstein Cows Fed Four Rations for
Four Periods
Source df
Sum of 
Squares
Mean
Squares F
Total 127 .12032789
Square 3 .00519075 .0017303 1.43
Column/Square 12 .00760521 .0006337 < 1.00
Row/Square 12 .01758575 .0014654 1.21
Rations 3 .00677980 .0022599 1.87
Rations x Square 9 .00999810 .0011108 1.27
Error A 24 .02098640 .0008744
Pooled Error A (Error A + R x S) 33 .03986210 .0012079
Weeks 1 .00011809 .0001181 < 1.00
Rations x Weeks 3 .00248369 .0008279 1.18
Sq. x Wk. 3 .00028080 .0000936 < 1.00
Sq. x R x W 9 .01568250 .0017425 2.48
Error B 48 .03362100 .0007004
Appendix Table 14
Analysis of Variance for Molar Percent Propionic Acid for 
Sixteen Holstein Cows Fed Four Rations for Four Periods
Source df
Sum of 
Squares
Mean
Squares F
Total 127 .11517143
Square 3 .00246563 .00082188 < 1.00
Column/Square 12 .01538110 .00128176 1.29
Row/Square 12 .01969449 .00164120 1.66
Rations 3 .01156809 .00385600 3.90£/
Rations x Square 9 .00543439 .00060380 < 1.00
Error A 24 .02723200 .00113467
Pooled Error A (Error A + R x S) 33 .03266639 .00098989
Weeks 1 .00022735 .00022735 < 1.00
Rations x Weeks 3 .00398712 .00132900 2.94
Sq. x Wk. 3 .00148790 .00049597 1.10
Sq. x R x W 9 .00605225 .00067247 1.49
Error B 48 .02164400 .00045090
— ^Significant at P<.10.
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Appendix Table 15
Analysis of Variance for Molar Percent Butyric Acid for
Sixteen Holstein Cows Fed Four Rations
for Four Periods
Source df
Sum of 
Squares
Mean
Squares F
Total 127 .03643800
Square 3 .00241290 .00241290 8 .86^
Column/Square 12 .00437700 .00036475 1.34
Row/Square 12 .00437700 .00036475 1.33
Rations 3 .00144964 .00048321 1.77
Rations x Square 9 .00150959 .00016688 < 1.00
Error A 24 .00748567 .00031190
Pooled Error A (Error A + R x S) 33 .00898762 .00027235
Weeks 1 .00072450 .00072450 3.41^
Rations x Weeks 3 .00020605 .00006868 < 1.00
Sq. x Wk. 3 .00019519 .00006506 < 1.00
Sq. x R x W 9 .00351760 .00039084 1.84
Error B 48 .01019500 .00021295
£/significant P<.01.
Jj/significant P<.05.
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Appendix Table 16
Analysis of Variance for Acetic/Propionic Acid Ratio for
Sixteen Holstein Cows Fed Four Rations
for Four Periods
Source df
Sum of 
Squares
Mean
Squares F
Total 12 74.0033
Square 3 2.687642 .8958800 1.59
Column/Square 12 10.303500 .8586250 1.53
Row/Square 12 13.707573 1.1422980 2.04
Rations 3 5.462668 1.8208890 3.25^
Rations x Square 9 3.737169 .4152409 < 1.00
Error A 24 14.779653 .6158190
Pooled Error A (Error A + R x S) 33 18.516820 .5611160
Weeks 1 .082168 .0821680 < 1.00
Rations x Weeks 3 2.500786 .8335950 2.66
Sq. x Wk. 3 .862787 .2875960 < 1.00
Sq. x R x W 9 4.836338 .5373710 1.72
Error B 48 15.036500 .3132000
.^Significant at P<.05.
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Appendix Table 17
Analysis of Variance for Acetic + Butyric/Propionic Acid Ratio
for Sixteen Holstein Cows Fed Four Rations
for Four Periods
Source df
Sum of 
Squares
Mean
Squares F
Total 127 94.413101
Square 3 3.125008 1.041668 1.35
Column/Square 12 13.815379 1.151281 1.49
Row/Square 12 16.391551 1.365962 1.77
Rations 3 7.689539 2.563180 3.31-/
Rations x Square 9 4.153705 .461522 < 1.00
Error A 24 21.366670 .890277
Pooled Error A (Error A + R x S) 33 24.520375 .773345
Weeks 1 .250212 .250212 < 1.00
Rations x Weeks 3 3.124379 1.041459 < 1.00
Sq. x Wk. 3 1.154934 .384978 1.02
Sq. x R x W 9 5.297726 .588081 1.56
Error B 48 18.043990 .375900
— ^Significant at P<.05.
Appendix Table 18
Mean Molar Percentages for Acetic, Propionic, and Butyric Acids by
Period, Week, and Ration
Period Wk.—^
R A T I O N
Mean
I II III IV
Rumen VFA^ Rumen VFA Rumen VFA Rumen VFA
C2 C3 C4 C2 C3 C4 C2 C3 C4 C2 C3 C4 C2 C3 C4
1 3 74.3 15.3 10.4 73.3 15.6 11.1 67.8 23.2 8.9 73.8 16.7 9.4 72.4 17.7 10.0
4 73.6 16.3 10.6 72.2 16.1 11.7 69.8 21.2 9.0 73.1 16.4 10.5 72.2 17.5 10.5
2 3 73.4 16.3 10.3 73.0 16.9 10.3 70.6 20.5 9.3 73.2 17.3 10.2 72.5 17.8 10.0
4 71.8 17.0 11.0 72.5 16.3 11.1 72.0 18.6 9.4 71.1 18.6 10.3 71.8 17.6 10.5
3 3 73.1 16.7 11.5 72.1 17.2 11.2 71.0 19.0 10.0 69.9 20.1 10.1 71.5 18.2 10.7
4 68.6 19.6 11.8 75.4 14.5 10.1 73.3 16.4 10.2 72.4 18.1 9.4 72.5 17.1 10.4
4 3 71.8 16.5 9.6 73.5 16.9 9.6 73.9 15.9 10.2 72.7 18.3 9.1 73.0 16.9 9.6
4 72.2 18.0 10.5 73.6 17.2 9.5 70.8 16.3 13.0 72.1 17.3 10.6 72.2 17.2 10.9
— ^Rumen samples collected only on weeks 3 and 4 . 
— ^C2 * Acetic C3 = Propionic C4 = Butyric .
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Appendix Table 19
Analysis of Variance for Hemoglobin Concentration for
Sixteen Holstein Cows Fed Four Rations
for Four Periods
Source df
Sum of 
Squares
Mean
Square F
Total 127 422.200200
Square 3 6.913986 2.304661 2.96
Column/Square 12 247.093400 20.591100 26.53^
Row/Square 12 95.430900 7.952600 10.25^
Rations 3 1.542109 .514036 < 1.00
Rations x Square 9 4.423827 .491536 < 1.00
Error A 24 21.191890 .882995
Pooled Error A(Error A + R x S) 33 25.615700 .776233
Weeks 1 5.160077 5.160077 7.50^
Rations x Weeks 3 .623359 .207786 < 1.00
Sq. x Wk. 3 3.133984 1.044661 1.53
Sq. x R x W 9 4.056325 .450702 < 1.00
Error B 48 32.630340 .679798
ii^Significant at P<.01.
i2^Significant at P<.05.
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Appendix Table 20 
Analysis of Variance for Oxyhemoglobin Concentration for
Sixteen Holstein Cows Fed Four Rations 
Four Periods
for
Source df
Sum of 
Squares
Mean
Squares F
Total 127 414.08569
Square 3 40.67335 13.55778 8.42— ^
Column/Square 12 98.21960 8.18496 5.09-^
Row/Square 12 86.54965 7.21250 4.48^/
Rations 3 3.64335 1.21445 < 1.00
Rations x Square 9 22.35130 2.48347 1.94
Error A 24 30.76436 1.28180
Pooled Error A (Error A + R x S) 33 53.11570 1.60950
Weeks 1 12.31320 12.31320 5 . -,3b/
Rations x Weeks 3 2.60335 .86778 < 1.00
Sq. x Wk. 3 .10335 .03345 < 1.00
Sq. x R x W 9 13.64131 1.51570 < 1.00
Error B 48 103.22283 2.15047
— ^Significant P<.01. 
— ^Significant P<.05.
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Appendix Table 21
Analysis of Variance for Hemoglobin/Oxyhemoglobin Ratio for
Sixteen Holstein Cows Fed Four Rations for
Four Periods
Source df
Sum of 
Squares
Mean
Squares F
Total 127 6.2375430
Square 3 .17480302 .05826767 2.18
Column/Square 12 2.91056000 .24254690 9.06^
Row/Square 12 .28814356 .02401196 < 1.00
Rations 3 .05340313 .01780104 < 1.00
Rations x 9 .29356492 .03261832 1.32
Error A 24 .59021160 .02459215
Pooled Error A (Error A + RxS) 33 .88377652 .02678110
Weeks 1 .22781223 .22781223 8 .25— ^
Rations x Weeks 3 .02090609 .00696869 < 1.00
Sq. x W k . 3 .12570626 .04190209 1.52
Sq. x R x W 9 .22520006 .02502223 < 1.00
Error B 48 1.32536000 .02761100
o  /
— Significant at P<.01.
Appendix Table 22
Mean Concentration for Hemoglobin, Oxyhemoglobin, and Hemoglobin/Oxyhemoglobin Ratios
by Period, Week, and Ration
Period Week
R A T I O N
I II III IV
Hhi/ 02Hh£/Hb/02Hb£/ Hb 02 Hb Hb/02Hb Hb 02Hb Hb/02Hb Hb 02Hb Hb/02Hb
1 3 10.8 11.6 1.08 9.6 11.0 .89 10.3 10.9 .95 10.4 10.4 1.10
4 9.9 12.3 .80 9.5 10.7 .90 10.2 12.3 .84 10.4 13.0 .81
2 3 14.3 11.8 1.22 13.1 11.0 1.20 12.1 9.6 1.27 13.3 11.6 1.18
4 13.0 11.9 1.24 11.4 12.7 .97 11.3 10. / 1.18 12.2 11.5 1.08
3 3 10.6 9.6 1.10 12.4 10.9 1.13 12.3 10.6 1.18 10.3 10.3 1.05
4 11.3 10.0 1.13 12.2 11.7 1.05 11.4 11.1 1.03 11.3 11.6 .98
4 3 10.6 10.5 1.00 10.9 10.6 1.03 10.4 10.6 .98 10.6 10.5 1.01
4 10.5 10.3 1.01 10.6 10.3 1.04 10.3 10.5 .98 10.6 11.0 .97
Hb = Hemoglobin g/100 ml .
02Hb = Oxyhemoglobin g/100 ml.
Hb/02Hb = Hemoglobin/oxyhemoglobin ratio.
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Appendix Table 23
Analysis of Variance for Blood Glucose Concentration for
Sixteen Holstein Cows Fed Four Rations for
Four Periods
Source df
Sum of 
Squares
Mean
Squares F
Total 127 20893.5000
Square 3 946.8125 321.6040 3.10
Column/Square 12 1257.6875 104.8070 1.01
Row/Square 12 1330.5562 110.8797 1.07
Rations 3 434.3750 144.7916 1. 39
Rations x Square 9 381.3125 42.3680 < 1.00
Error A 24 3044.7562 126.8648
Pooled Error A (Error A + R x S ) 33 3426.0687 103.8203
Weeks 1 2312.0000 2312.0000 11.87-^
Rations x Weeks 3 277.6250 92.5416 < 1.00
Sq. x Wk. 3 413.5625 137.8541 < 1.00
Sq. x R x W 9 1130.8125 125.6458 < 1.00
Error B 48 9346.0030 194.7000
^Significant at P<.01-
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Appendix Table 24
Analysis of Variance for Total Serum Protein for
Sixteen Holstein Cows Fed Four Rations for
Four Periods
Sou rce df
Sum of 
Squares
Mean
Squares F
Total 127 181.811680
Square 3 8.382733 2.794243 2.34
Co 1umn/Square 12 48.080922 4.006743 3.37
Row/Square 12 9.620938 .801745 < 1.00
Rations 3 .825233 .275077 < 1.00
Rations x Squares 9 13.523203 1.502577 1.40
Error A 24 25.755924 1.073160
Pooled Error A (Error A + R x S) 33 39.279127 1.190280
Weeks 1 7.850702 7.850702 6.59^
Rations x Weeks 3 3.860858 1.286953 1.08
Sq . x Wk. 3 .743359 .247785 < 1.00
Sq. x R x W 9 5.943827 .660425 < 1.00
Error B 48 57.217900 1.192000
£/significant at P<.05.
Appendix Table 25
Mean Concentration of Glucose and Total Serum Protein by 
Periods, Weeks, and Rations
R A T I O N
Period Week I II III IV
CHOi/ TSP— / CHO TSP CHO TSP CHO TSP
1 3 55 8.25 52 8.47 63 8.32 55 7.90
4 91 6.97 69 8.90 75 8.07 75 7.20
2 3 66 8.15 58 8.37 52 8.32 71 8.97
4 76 8.52 80 8.30 78 8.45 68 8.54
3 3 62 7.82 64 7.90 73 8.02 63 9.74
4 72 7.57 65 7.25 67 7.45 74 6.92
4 3 69 8.97 65 8.17 68 7.92 73 8.40
4 64 8.17 63 7.80 63 7.57 64 8.10
— ^CHO = Blood serum glucose mg/100 ml. 
— ^TSP = Total serum protein (mg/ml).
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